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From  "  The  Transactions  of  the  Entomological  Society." 
Mk.  Spence  exhibited  specimens  of  the 
fly  called  "Tsetse,"  which  he  found  were 
identical  with  the  Glossina  mossilans  of  West- 
wood.  He  also  communicated  some  observations 
thereon,  founded  on  a  note  forwarded  to  Dr. 
Quain,  by  W.  Oswell,  Esq.,  who  has  travelled 
extensively  in  Africa,  and  on  one  occasion  lost 
forty-nine  out  of  fifty-seven  oxen,  of  which  his 
teams  consisted,  by  the  attacks  of  this  fly,  the 
animals  dying  in  a  period  of  from  three  to  twelve 
weeks  after  being  bitten.  It  appears  that  three 
or  four  flies  are  sufiicient  to  kill  a  full-grown  ox  ; 
and  the  following  appearances  were  observable  in 
numerous  examples  which  were  examined.  On 
raising  the  skin,  a  glairy  condition  of  the  muscles 
and  flesh,  the  latter  much  wasted  ;  stomach  and 
intestines  healthy  ;  heart,  lungs,  and  liver,  some- 
times all,  and  invariably  one  or  the  other,  dis- 
eased ;  the  heart,  in  pax'ticular,  being  no  longer 
a  firm  muscle,  but  collapsing  readily  on  compres- 
sion, and  having  the  appearance  of  flesh  that  had 
been  steeped  in  water  ;  the  blood  greatly  dimin- 
ished in  quantity  and  altered  in  quality  —  not 
more  than  twenty  pints  could  be  obtained  from  the 
largest  ox,  and  this  thick  and  albuminous  ;  the 
hands  when  plunged  into  it  came  out  free  from 
stain.  The  poison  seems  to  grow  in  the  blood, 
and  through  it  to  attack  the  vital  organs.  All 
domesticated  animals,  except  goats,  calves,  and 
sucking  animals,  die  from  the  bite  of  this  insect ; 
man  and  all  wild  animals  are  bitten  with  im- 
punity. This  fly  is  confined  to  particular  dis- 
tricts, chiefly  between  the  15th  and  18th  degrees 
of  south  latitude  and  the  24th  and  28th  degrees 
of  east  longitude,  and  is  never  known  to  shift. 


The  inhabitants  herd  their  cattle  at  a  safe  dis 
tance  from  its  haunts  ;  and  if  in  changing  thei: 
cattle-post  they  should  be  obliged  to  pass  througl 
the  country  in  which  it  exists,  they  choose  i, 
moonlight  winter's  night,  as  during  the  coll', 
weather  it  does  not  bite.  It  seems  to  difler  it, 
several  particulars  from  the  account  given  bj 
Bruce  of  the  fly  called  "  Zimb,"  which  was  oiilj 
found  on  plains  of  "  black,  fat  earth,"  whereat 
this  was  an  inhabitant  of  jungles  and  counfirj 
not  open.  Mr.  Oswell,  who  was  present  as  | 
visitor,  gave  a  more  detailed  account  of  his  exi 
perience  with  this  African  pest.  ' 
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PREFACE. 


jVlK-.  A.  COOPElR.  having  offered  to  the  gentlemen,  edu- 
cated at  the  School  of  Guy  and  St.  Thomas,  a  Prize  for 
the  hest  Dissertation  on  the  Blood,  I  instituted  some  experi- 
ments on  the  subject,  and  stated  the  results  which  my  obser- 
vations afforded.  Tliis  Essay  being  so  fortunate  as  to  obtain 
the  Prize,  I  have  been  induced  to  present  it  to  the  pubUc. 
And,  since,  the  late  period  at  which  I  heard  of  Mr.  Cooper's 
proposal,  prevented  the  Inquiry's  comprehending,  in  the  first 
instance,  some  points  of  importance,  I  have,  during  the  last 
year,  been  endeavouring-  to  supply  the  deficiency. 

In  reference  to  the  physiological  parts  of  this  Essay, 
it  is  scarcely  necessary  to  remark,  that  much  labour  and 
considerable  difficulty,  attended  the  research.  Whoever, 
indeed,  has  studied  experimentally  to  elucidate  the  principles 
of  the  animal  oeconomy,  will  admit,  that,  notwithstanding 
the  interest  it  may  have  excited,  or  the  gratification  which 
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success  may  have  produced,  the  inquiry  has  demanded  no 
ordinary  degree  of  attention,  perseverance,  and  ardour. 
Nor  will  these  qualities  succeed  in  their  object,  unless 
conjoined  also  with  patience,  caution,  and  candour.  To  the 
want  of  this  combination,  may  be  attributed  the  exuberant 
growth  of  those  hypothetical  opinions  which  choke  the  spring 
of  truth,  and  impede  the  progress  of  knowledge. 

With  all  the  efforts,  however,  and  all  the  circumspection 
of  the  best-conducted  inquiry,  it  is  impossible  to  avqid,  thcs 
casual  commixture  of  error,  and  the  occasional  assumption  of 
doctrines,  which  subsequent  examination  proves  erroneous.  In 
physiological  pursuits,  accurate  data  are  not  afforded:  demon- 
strative evidence,  therefore,  cannot  be  produced.  The  nature 
of  the  subject  allows  ample  room,  not  only  for  experimen- 
tal research,  but  for  unbounded  speculation,  contradictory 
notions,  and  inconclusive  statements.  But  these  observations 
should  by  no  means  induce  the  opinion,  that  examination  is 
fruitless,  or  truth  imdiscoverable.  Sach  an  inference  is  the 
refuge  of  ignorance  and  indolence.  Tn  the  courts  of  justice, 
scarcely  a  cause  is  brought  forwards,  in  which  discordant 
evidence  is  not  adduced;  yet,  who  would  thence  conclude  that 
a  right  decision  is  never  formed,  or  truth  never  elicited? 
Not  only  in  physiology,  but  in  most  inquiries  to  which  the 
faculties  of  man  are  directed,  conclusions  are  drawn,  not  with 
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mafheinatical  certainty, — but  from  the  balance  of  probability 
and  improbability,  by  tbe  contrast  and  examination  of  oppo- 
site statements,  by  reflection  on  the  motives,  principles, 
and  objects  of  their  authors, — and  especially  by  personal  scru- 
tiny, closely  and  impartially  conducted. 

Of  tbe  principles  and  laws  of  the  animal  oeconomy,  few 
ttre  more  intricate  than  those  which  regard  the  Blood.  The 
common  appearances  of  this  fluid  may,  indeed,  be  easily  stated ; 
but  the  origin  of  its  changes,  and  the  causes  of  its  phenomena, 
are  peculiarly  abstruse;  while  the  erroneous  notions,  and 
unfounded  theories,  which  have  been  vainly  adduced  to 
remove  the  veil  of  nature,  have  greatly  obstructed  the  path  of 
inquiry,  and  added  darkhess  to  obscurity. 

To  clear  away  these  obstacles,  has  been  one  object  of  my 
attention,  and  if  in  this  only  I  have  been  successful,  the 
science  will  be  benefited.  The  labourer,  who  removes  the 
rubbish  on  the  scite  of  a  projected  building,  raises  not,  indeed, 
the  structure,  but  in  preparing  the  way  for  the  more  able 
workman,  he  takes  an  office,  though  less  respectable,  yet  not, 
perhaps,  less  useful. 

Whatever  opinion  may  be  entertained  of  the  success  of 
myresearches,  of  the  mode  in  which  they  have  been  conducted. 
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or  of  the  conclusions  to  which  they  have  led, — I  lay  claim  to 
fairness  of  intention  and  honesty  of  detail.  Unbiassed  by 
prejudice,  unshackled  by  preconceived  notions,  I  have 
impartially  stated,  the  individual  results  of  my  experiments, 
and  noticed  every  regular  or  casual  discordancy.  It  has 
been  my  aim  rather  to  ascertain  facts  than  to  support  opinions ; 
to  study  the  economy  of  nature,  rather  than  to  fetter  laer  with 
conjectural  or  inconsistent  theories.  My  inferences  piay  be 
erroneous,  but  the  facts  remain  unimpaired  and  unsophisti- 
cated. If  they  fail  to  substantiate  the  doctrines  which  they 
seem  to  support,  they  will  not  prove  useless  to  future 
inquirers,  and  to  science  pursued  under  happier  auspices. 
If  the  reasoning  be  rejected  as  futile  or  inconclusive,  it  may- 
serve  a  minor,  though  not  unimportant  office — that  of  warning 
other  experimentalists,  of  exhibiting  the  fallacies  into  which  X 
have  fallen,  and  by  poiniing  out  the  ways  of  error,  tend, 
in  an  indirect  manner,  to  the  advance  of  truth. 

T  trust,  however,  examination  and  experience  will  evince 
these  inquiries  to  have  added  to  the  store  of  positive 
knowledge;  and  if  one  doubtful  fact  be  established,  or  physio- 
logical  principle  discovered,  or  practical  point  enforced, — 
I  shall  not  have  laboured  in  vain.  The  noblest  works 
of  art  have  been  accomplished  by  small  and  reiterated 
efforts.      The  stately  edifice  is  composed  of  single  stones. 
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hewn  by  individuals,  and  tlie  progress  of  science  has  been 
marked  by  no  sudden  bounds,  but  by  the  gradual  and  suc- 
cessive exertions  of  men  devoted  to  the  advance  of  the  respec- 
tive parts. 

/^  In  reference  to  some  of  the  experiments  which  were 
made  on  living  animals,  it  may  not  be  improper  to  make  a 
remark ;  not  so  much,  however,  on  account  of  the  stateme^its 
in  the  following  pages,  as  in  justification  of  those  who  have 
been  thoughtlessly  and  ignorantly  censured. — Wanton  cruelty, 
professional  men,  I  believe,  universally  abhor;  the  useless 
repetition  of  observations  on  living  creatures,  or  the  infliction 
of  unnecessary  suffering,  they  reprobate.  And  it  gives  me 
pleasure  to  state,  that  in  none  of  my  Experiments  did  the 
animals  seem  to  suffer  more  than  from  a  natural  death,  in  few, 
so  much.  But  had  my  pursuits  obliged  me  to  violate  ray 
feelings,  by  the  infliction  of  sevefe  and  continued  pain,  a 
laudable  object  would  have  ensured  me  the  approbation  of 
every  friend  of  science  and  humanity.  From  experiments  on 
living  creatures,  we  derive  our  acquaintance  with  the  functions 
of  the  animal  oeconomy.  Were  no  such  observations  made, 
we  should  be  ignorant  of  the  offices  performed  by  the  several 
parts  bf  the  human  frame,  and  consequently  we  should  be 
unable  to  coinprehend  or  remove  its  maladies.  Surely  then 
wliile  hecatombs  are  slaughtered  for  the  gratification  of  our 
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palates,  a  few  may  be  allowed  to  perish  for  the  heneiit  of 

/    science:  and  while  the  luxurious  complacently  feed  on  the 

harcy^  which,  half-dead  in  the  chase,  with  fear  and  fatigue, 

'    has  been  worried  by  dc^s,^— or  on  the  fish,  which  are  burnt  or 

-      scalded  alivcy  they  should  not  charge  us  Avith   cruelty  for 

occasionally  sacrificing    animals   to   the   acquisition   of  that 

j     Knowledge,  which  so  eminently  serves  the  cause  of  humanity, 

and  prolongs  the  life  of  man.     If  they  boast  the  fineness  of 

their  feelings,  let  thetm  remember  that  we  have  feelings  also ; — 

if  they  be  shocked  at  the  thought  of  experiments  on  liviug^ 

creatures,  let  them  consider  what  we  suffer,  not  only  in  phy- 

i     siological    researches,    but    in  the  ordinary   oflices   of  our 

profession,  by  stifling  our  natural  emotions,  and,  from  a  sense 

of  duty  and  humanity,   coercing  feehngs  as  acute,  perhaps, 

as  theirs,— feelings,  which  certainly  are  not  mitigated  by  the 

\  Gonstraint  under  which  they  are  laid, 

TTie  practicaF  parts  of  this  Essay,  require  little  comment. 
Extensive  opportunities  have  been  afforded  me  of  examining 
the  Blood  in  disease,  and  of  these,  I  have  gladly  availed  myself. 
To  state  what  observation  and  experiment  have  taught  me, 
has  been  my  principal  object;  not  to  form  a  compilation 
from  the  works  of  others,  nor  to  canvass  the  justice  of  their 
notions,  or  the  correctness  of  their  remarks »  The  subject 
indeed,  has  necessarily  led  me  to  the  occasional  examination 
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of  received  opinions,  but  these  were  chiefly  regarded  as 
they  influenced  the  treatment  of  disease  :  and  if  my  observa- 
tions have  been  frequently  opposed  to  those  of  respeclable 
writers, — it  has  ever  been  my  aim,  that  important  facts 
might  be  elicited,  and  safe  indications  in  practice  enforced. 

The  statements  of  the  different  sections  are  not  partial  and 
selected,  but  general  conclusions  from  general  results.  I  trust 
they  will  be  found  to  assist  us  in  discovering  the  nature  of 
disease,  in  ascertaining  its  degree  of  violence,  and  in  deciding 
on  the  treatment  which  it  requires.  Of  this  however,  expe- 
rience must  form  a  judgment.  They  who  apply  to  particular 
studies  or  endeavoxur  to  elucidate  particular  principles,  generally 
overrate  the  importance  of  their  pursuits  :  but  the  modest  hope 
which  I  cherish,  of  having  contributed,  in  some  degree,  to  the 
stock  of  professional  knowledge,  will  not,  I  trust,  be  found  to 
have  originated  in  vanity,  rather  than  in  truth. 

C.  T.  T. 
LeedSf  July  1,  1819. 
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Chap  I. 

GENERAL  PROPERTIES  OF  THE  BLOOD. 

JL  HE  Blood  is  that  peculiar  fluid,  which  circu- 

lates  in  all  classes  of  animated  beings,  and  affords 

^  nutriment  and  vitality.     It  supplies  the  organs  of ''*^^*''*^^    , 

Digestion,  Secretion,  Loco-motion,  and  Sensation;        xL  JU 

penetrating  into  almost  every  recess  of  the  Body,    '  g 

and  distributing  itself  through  the  numerous  Capil-  \ 

1 
laries  of  its  Vessels. 

The  formation  of  the  Blood  is  a  process,  which,   aU  >^y  '^ 

like  many  others  in  the  animal  CEconomy,   is  ?.„„,, -^ 

-je imperfectly  understood.     That  the  Food  passes j^^^^^.^^j^^ 

through  the  Digestive  Organs,  undergoes  certain  SJU*-^^-'^} 

changes,  and  forms  aj^hite^id  termed  Chyle;  ^h^^-^-'^ 

that  this  substance  is  absorbed  by  the  Lacteals,  3    '  * 

conveyed  by  them  to  the  Thoracic  Duct,  and       '  '[ 

thence  into  the  Venous  system,   is  all  that  has 

been  ascertained^  on  the  subject:    but  since  no 

B      ,  ,  ,  .  1 


€ 


.%  2 

^        traces  of  Chyle  can  be  discovered  after  the  Blood 

tj,As      has  passed  throu2:h  the  Lun^s,  we  presume  that  m 

'   "^A^   these   Organs,    Sanguification  is   completed.    It 

j^^^ljseems  probable,  however,  that  prior  to  its  entering 

■      the  Pulmonary  Vessels,  it  assumes  much  of  the 

sanguineous  character;    Chyle,  when  taken  from 

t^3  G-^  1*  the  Lacteals,  being  found  to  separate  into  Serum 

■^  S-j^^^  and  Coagulum,  and  to  contain  globules  similar  in 

/-.*.,      \form  to  the  red  ones  of  the  Blood. 

In  discussing  the  general  properties  of  the 
Blood,  the  first  object  which  engages  our  atten- 
tion, is  the  Circulation ;  but  as  this  is  not  the 
immediate  object  of  the  present  enquiry,  it  is 
unnecessary  to  detail  a  process  so  generally 
understood.  Suffice  it  to  notice,  that  the  Heart, 
by  its  contraction,  gives  the  primary  impulse,  the 
Arteries  transmit  the  moving  column,  and  the 
Veins  return  to  the  Heart  all  which  ha&  not  been 
expended  on  the  various  structures. 

When  propelled  from  the  Left  Ventricle  into 

S<the  Aorta   and  its   ramifications,    the   Blood  is 

of  a   bright  scarlet  colour,  but,  in  its  progress 

through  the  system,  it  assumes  a  darker  hue,  and 

when  brought  back  by  the  Venae   Cavae  to  the 

,  right  side  of  the  Heart,  it  is  of  a  deep  purple. 


3  y  i 

After  passing  through  the  Pulmonary  Artery  to         /    i 
the  Lungs,  it  is  exposed  to  the  atmospheric  air,  ^ 

inhaled  in  respiration,  is  jiriloaded  of  its  Carbon,  '^f  . 

and  returned  by  the  Pulmonary  Veins,  purified  i^^^y" 
\  and  florid,  to  the  left  side  of  the  Heart.  "*^/ "5 

The  Body,  it  appears,  undergoes   a  frequent     ¥       ^-« 
change  of  its  particles ;  the  old  constituents  being  ^^  ?s^ 
worn  down  and  useless,  new  ones  are  contmually 
needed  for  the  repairs  of  the  structure,  and  the  j 

due  performance  of  its  functions.    From  the  Blood  0    ^ 

)p1   M  formed  the  nourishment  for  the  growth  of  parts,  ^/  #  v ... 

'*^*^'  and  for  the  reparation  of  their  daily  waste!^    It  isci^^^^ 

the  source,  likewise,  of  the  adhesive  matter,  poured  i*  /  ^  '    | 

out  for  the  union  of  wounds ;  and  it  affords  the^"^^*^ 

pabulum  of  those  granulations,  which  fill  up  the  ^^  0'^^* 

cavity  of  ulcers.     By  this  fluid,  also,  is  taken  up >  ^  ^"^^ 

.   .    '% '  '^ 
the  useless  and  decayed  parts  of  the  animal  frame ;  ' 

for  in  the  course  of  the  Circulation,  Carbon  is 

perpetually  absorbed,  producing  the  dark  colour  j 

-,^  of  venous  Blood.  ^Injftie  Lungs,  as  was  stated,  \ 

i 
the  blood  is  fi'eed  from  this  substance  ;*  and  the  ^ 

quantity   which   Experiment  has    proved  to   be  1 


1  *  Lavoisier,  Priestley,  and  Davy. have  ascertained  this  fact  by  experi- 
j  ment;  and  more  recently  the  accurate  researches  of  Allen  and  Pepys 
'    faave  amply  confirmed  their  statement. 


emitted  by  expiration  is  tnily  astonishing.*  Not 
less  than  eleven  ounces  of  Carbon  in  the  form  of 
Gas,  is  thrown  off,  it  appears,  in  twenty-four 
hours.f  ) 

Nor  is  this  the  only  use  of  the  blood  connected 
with  respiration.     It  performs,  or  at  least  is  the 
principal  agent  in  performing,  the  Calorific  func- 
tion.    The  Blood  on  its  exposure  in  the  Lungs 
to  the  action  of  the  atmospheric  air,  is  believed 
;j,.^.^to  imbibe  latent  Caloric,  and  this,  in  the  course 
^■"***^^^of  the  Circulation,    gradually"  to  evolve  for  the 
4  '         maintenance  of  the  animal  temperature. 
/  The  Blood,  moreover,  is  requisite  to  the  actions 

of  the  Nervous  system,  for  if  vascular  communi- 
cation be  destroyed,  the  sensibility  of  a  member 
is  lost.J 

>  .  <V  ^  While  circulating  in  its  vessels,  the  Blood  is, 
"f  /      generally  speaking,  a  homogeneous  fluid  ;§  but  on 

/  *  Allen  and  Pepys  in  the  Philosopliical Transactions. — See  also  Davy's 

<!*^'^'  Researches. 

■V  t  Dr.  Priestley  entertained  the  idea  that  a  proportion  of  Azote  is 

•   absorbed  by  venons  Blood  during  respiration,  and  Sir  H,  Davy  had 

'  adopted  his  opinion  ;  hut  from  the  experiments  of  Allen  and  Pepys,  it 

appears  that  no  perceptible  quantity  of  this  Gas  is  consumed  in  the  Lungs. 

X  Haller,   on   tying  the  abdominal  Aota   of  a  Do^,  found  a  tota' 

>-paralysis  of  the  lower  extremities  to  succeed.    This  Experiment  has  also 

*•  been  frequently  performed  by  Mr.  A.  Cooper  with  a  similar  result. 

§  One  exception  is  met  with  in  those  parts  of  tlie  body  which  are  sup- 
plied only  with  colourless  Blood  :  and  another  occurs,  where  the  Chyle 


its  removal  from  the  body,  a  thin  film  forms  on  its  i 

surface,  it  concretes,  separating  afterwards  into  two  /  '^ 
parts,  one,  a  thick  red  cake  termed  Crassamentum,'"  Wi^^^p 
the  other,  a  pale  yellowish  fluid  denominated  Se-  #,-1-%^  M 
\rum.  The  former  usually  floats  m  the  latter ;  but^r^'^^^ 
instances  have  been  recorded  by  De  Haen,  Hun- PimP*^'- 
ter,  and  Hey,  of  the  Crassamentum's  enveloping  T^  's»^*^  | 
the  Serum.  i 

It  has  long  been  disputed  whether  or  no  heat  be  .  ^  \ 

evolved  during  coagulation.      Hunter,  from  his  1 

experiments  on  Turtles,  inclines  to  the  negative,  ^  i 

^  but  some  modern  chemists  assert  the  evolution  ^t^^^^"^^-^ 
of  Caloric.     The  question  remains  as  yet  unde-  I 

cided.  1 

The  period,  at  which  coagulation  commences,  ^ 

depends  on  circumstances,  which  will  be  after-  ' 

wards  considered,    but  the  common  time  is  from   />  "  "^i  ^ 
three  to  eia:ht  minutes  after  the  Blood  has  been  ^ 

taken  from  the  body..    The  completion  of  this  '  ^  {  ' '^^^^^ 
process  is  effected  generally  in  from  one  to  three 


!  hours;   but  frequently  a  much  longer  time   is  '^ 

'  required,    the  Blood  being  found  but  partially  ..' 


-^-iSi+^siM— **«tawpa«* 


is  first  received  into  the  sanguineous  system.    It  would  seem  probable  y  ?  *-'^'*' 
also,  that  tlie  Blood  returned/rom  the  secretory  organs  differs  from  that   •'j'^  ff^    f 
conveyed  to  them  by  their  Arteries.     As  far,  however, as  tlie  subject  ha*    '  ^  ' 
been  examined,  the  supposition  remains  unverified.  5       £■■•         ■      *  ^s/     i 


'N  coagulated  at  the  end  of  twenty-four,.  And  even 
when  the  separative  change  appears  to  take  place 
in  the  usual  time,  Serum  vrill  often  exude  from 
the  Crassamentum  for  several  days,  especially  if 
the  fluid  be  repeatedly  poured  off  from  the  coagu- 
lum.*-^  After  being  exposed  to  the  air  for  some 
/  hours,  the  exterior  of  the  Crassamentum  imbibes 

Oxygen,  and  assumes  a  florid  hue,  this  change 
resembling  that  produced  in  the  Lungs  by  respi- 
^va£|^J    ration,  j  It  is  observed,  however,  that  if  the  cake 
"^  />]v  be  not  kept  moist  in  the  Serum,  instead  of  becom- 
Jj  ing  scarlet,  the  colour  is  that  of  dark  brown. 
^T^'-      After  the  Blood  has  remained  two  or  three  days 
in  a  temperature  of  60" — 70°  putrefaction  commen- 
ces, and  ammonia  is  evidently  evolved.f     And 
by  the  continuance  of  this  process,  the  Blood  is 
soon  reduced  to  a  black  fetid  mass.^^ 

The  quantity  of  Blood  circulating  in  the  human 
structure  has  been  variously  computed  by  Philo- 

*  Boerhaave,  however,  and  his  commentator,  evinced  great  want  of 
observation  in  asseitin;?  that  the  Crassamentum  is  almost  entirely  dis- 
solved into  Serum.  "  Resolvitur  in  Serum  ita,  ut  in  id  omnis  fere  cruor 
abeat." — Aphor.  94.  "  Apparet,  rubram  partem  sanguinis  sensim  quasi 
deliquescere  et  in  serum  abire." — Com. 

t  It  appears  that  this  change  occurs  sooner  in  venous  than  arterial , ' 
Blood.  Experiment.  Blood  was  taken  in  separate  vessels  from  the  "^ 
Jugular  Vein  and  the  Carotid  Artery  of  a  Dog  during  the  summer  of  , 

•   1S18,     On  the  second  succeeding  day,  tiiat  of  the  former  emitted  a,   . 

l^  strongly  putrid  smell,  while  that  of  the  latter  was  almost  devoid  of  fetor,  y 
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sophers.  Keil  has  estimated  it  at  100  lbs.; 
others  do  not  believe  it  to  exceed  8  lbs.  Haller 
computes  it  at  10;  Young  at  40 ;  and  in  Cooper's 
Lectures,  its  proportion  to  the  solids  of  the  body 
is  considered  as  1  to  16  or  20.  The  wide  differ- 
ence in  these  estimates  seems  to  depend  on  the 
want  of  such  data  as  are  requisite  for  accurate 
research.  It  is  true,  indeed,  that  the  contents  of 
the  principal  Arteries  and  Veins  may  be  subjected 
to  calculation,  but  of  the  Blood  circulating  in  the 
Capillaries,  no  accurate  estimate  can  be  formed. 
When  we  reflect  on  the  minuteness  of  these  Capil- 
laries, on  the  universality  of  their  distribution,  and 
on  the  large  proportion  which  they  constitute  of 
muscle  and  other  solids,  we  must  conclude  that  8 
or  1 0  lbs  of  Blood  is  a  quantity  far  from  adequate 
to  their  supply. 

From  the  difficulty  of  accounting  for  the  changes 

which  the  Blood  undergoes  on^its  removal  from 

Vits  vessels,  a  celebrated  Physiologist  started,  or 

rather  revived,  the  opinion  of  its  possessing  life.* 

/      *  The  idea  of  the  Blood's  vitality  was  entertained  by  the  ancients. — 
(   In  many  passages  of  the  writings  of  Hippocrates,  the  connection  of  the 
Blood  with  the  soul  or  spirit  is  clearly  intimated. 

"  Hyfo^at  Se  Efxirpoadsv  /nijdsv  Eivai  fxaXKov  twv  iv  rw  aoifxaTi, 
^vrpa\Xo/j.BVb)veg  fpovrfaiv  ay,  t}  to  aifxa.     Tsro   Ci  orav  iv  rw 
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On  this  subject,  I  enter  with  reluctance,  con- 
scious that  the  Veil,  which  conceals  from  our 
view  the  principles  and  agency  of  the  Nervous 
system,  precludes  any  legitimate  conclusions  on 
the  existence  or  operation  of  fluid  vitality.  Till 
that  veil  shall  be  rent,  till  the  properties,  diffusion, 
and  laws  of  animal  life  shall  be  developed, 
Physiologists  will  ever  hold  opposite  opinions  on 
subjects  of  this  nature.  An  inquiry  into  the 
principles  of  the  Blood,  however,  obliges  me  to 
advert  to  the  opinions  of  Mr.  Hunter,  and  the 
reasons  on  which  they  are  founded. 

His  ideas,  he  informs  us,  first  arose  from  obser- 
ving that  the  yoke  of  the  egg  resisted  putrefaction, 
though  exposed  to  a  continued  temperature  of  lOS 
degrees. 

That  the  Egg  has  "  the  power  of  self  preser- 
vation, or  in  other  words,  the  simple  principle  of 

KaOegrriKori  ffytj/LiaTi  fisvr^,   fiEVBi  Kai  rj  ^povrjatQ,  e^aWaaaovTOQ 
Se  TH  aifxaroQ,  fiETaTrnrrei  kul  to  ^povrjfia." — De  Flatibus. 

Tlie  illustrious  Harvey  also  held  this  doctrine,  and  expressed  it  in 
decided  language : — 

"  Habet  (sell.  Sanguis)  profecto  in  se  animam  primo  ac  principaliter, 
not  vegetativam  modo,  sed  sensitivam  etiam  et  niotiyam:  permeat 
quoquoversum,  et  ubique  presens  est ;  codemque  ablato,  aninia  qnoque 
ipsa  statira  tollitur :  adeo  ut  sanguis  ab  anima  nihil  discrcpare  videatur ; 
vel  saltern  substantia,  cujns  actus  sit  aninia,  estimari  debeat." — De 
Generations. 


life'*,  will  be  readily  admitted,  but  a  question 
remains,  Does  this  principle  reside  in  the  yoke,  or 
the  albumen,  independent  of  the  chick  ?  For  the 
chick  is  an  organized  animal,  remaining  enveloped 
in  these  substances  till  the  stimulus  of  heat  bring 
it  to  maturity. 

The  argument  drawn  from  mortification's  taking 

\  place    in   a   member,    when  the    circulation   is 

destroyed,  only  proves  that  the  Blood  is  necessary 

''ior  animal  life.     So  is  aliment.     If  we  remain  for 

a  certain  time  without  food,  death  ensues :  yet  no 

\  one   asserts,   that  the    food  we    eat,    possesses 

vitality. 

Hunter  also  advances,  in  support  of  his  theory, 
the  union  of  wounds,  observing,  that  extravasated 
Blood  and  adhesive  matter,  become  vascular. 
Yet,  though  the  extravasated  clot,  and  adhesive 
matter  effused  for  the  reparation  of  injuries,  be 
formed  from  the  Blood,  organization  does  not 
originate  from  their  spontaneous  action,  but  from 
the  elongation  of  the  surrounding  vessels,  which 
branch  out  into  the  deposit,  as  the  roots  of  a  tree 
extend  themselves  in  the  earth. 

Mr.  H.  laid  much  stress  on  the  idea,  that  if  the 

Blood  were  not  alive,  "  it  would  be  in  respect  to 

c 
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the  body  as  an  extraneous  substance."  If  there 
exist  in  the  animal  structure  certain  canals,  which 
are  destined  to  convey  certain  fluids,  these  fluids, 
I  conceive,  cannot  be  considered  as  foreign  to  the 
vessels  which  contain  them.  Upon  Hunter's 
principle,  moreover,  the  Lymph  is  as  truly  endued 
with  vitality,  as  the  absorbents  which  convey  it. 

Mr.  H.  remarks  also,  that  Blood  taken  from 
the  arm  in  the  most  intense  cold  which  the  human 
body  can  bear,  raises  the  Thermometer  to  the  same 
height  as  Blood  taken  in  the  most  sultry  heat ; 
and  he  conceives,  that  since  living  bodies  alone 
have  the  power  of  resisting  high  and  low  degrees 
of  heat,  the  Blood,  from  its  possessing  this  pro- 
V  perty,  must  likewise  possess  vitality.  It  should 
be  remembered,  however,  that  life  may  maintain 
its  temperature  in  the  system  at  large,  yet  parti- 
cular parts  maintain  their  temperature  only  by 
contact.  The  various  secretions  have  the  same 
heat  as  the  Glands  or  Muscles ;  the  Urine,  for 
instance,  on  flowing  from  the  Urethra,  raises  the 
Thermometer  to  98°.  Yet  surely  this  Physiologist 
would  not  have  asserted  the  vitality  of  Urine. 

Another  difficulty  attends  Mr.  Hunter's  theory. 
If  the  Blood  possess  life,  where  is  this  property 
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first  acquired  ?  We  know  that  the  Blood  is 
formed  from  the  digestion  of  various  inanimate 
.  substances.  I"  Is  the  Chyle  alive  ?"  Mr.  H.  thinks 
'^  it  is.  Admitting  the  supposition,  we  must  ask^ 
{  "  Is  the  Chyme  endued  with  vitality,  or  does  our 
/  food,  by  commixture  with  the  Salivary  and  Gas- 
(J;ric juices,  acquire  its  living  principle?" 

If  in  vilality,  be  implied  an  independent  power 
of  motion^  we  should  expect,  that  the  circulation 
of  the  Blood  was  spontaneous,  and  that  its  pro- 
perties were  of  an  active  kind.  But  of  such  inhe- 
rent faculty,  we  have  no  evidence.  We  observe 
a  simply  passive  motion  of  this  fluid :  the  Heart 
impels  it,  the  Vessels  convey  it,  the  Glands  act 
on  it. 

Perhaps  the  argument  drawn  from  the  coagu- 
lation of  the  Blood,  is  the  most  plausible  of  those 
adduced  in  favour  of  Hunter's  opinion.  If  Blood, 
before  concretion  commences,  be  exposed  to  a 
low  degree  of  temperature,  it  freezes  ;  if  it  then  be 
placed  in  a  higher  temperature,  it  thaws ;  and  in 
V  from  four  to  six  minutes,  it  coagulates.  If  a  piece 
of  muscle,  taken  from  an  animal  killed  by  violence, 
be  frozen  and  afterwards  thawed,  itj^ontracts. 
In  both  cases,  it  is  evident,  that  freezing  suspends, 
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hut  does  not  prevent,  the  natural  action.  Hence 
there  appears  a  marked  resemblance,  between  the 
death  of  a  muscle  and  the  coagulation  of  the 
Blood.* 

Hunter  pursued  the  analogy  farther.  In  per- 
(  sons  killed  by  Lightening,  by  mental  emotions, 
'\  blows  on  the  Stomach,  &c.  he  remarks,  that  the 
muscles  do  not  contract,  neither  does  the  Blood 
coagulate.  And,  though  he  allows  the  coincidence 
not  to  be  invariable,!  yet,  as  a  general  observation, 
it  is  undoubtedly  correct. 

One  simple  analogical  fact,  however,  it  will  be 
generally  admitted,  affords  not  sufficient  grounds 
for  the  establishment  of  such  a  Theory  ;  especially 
when  it  appears,  that  the  principal  arguments  on 
which  it  rests,  would  prove  too  much,  leading  to 
the  conclusion  that  fluid  vilaliti/  is  not  confined 
to  the  Blood. 


•  May  not  this  analojiy  depend  on  the  same  fact,  and  be  explained  on 
the  same  principle,  viz.  the  quantity  of  Fibrine,  contained  both  in  Mriscle 
and  Blood  ?  We  are  well  assured  that  the  coagulation  of  the  Blood  is 
eflfected  by  its  Fibrine. 

t  An  exception  recently  occurred  to  me  on  inspecting  the  body  of  a 
man  who  died  suddenly.  The  muscles  were  quite  rigid,  but  the  Blood 
■was  fluid,  nor  did  it,  two  hours  after  being  taken  from  the  Thorax,  exhi- 
bit any  other  traces  of  coagulation,  than  a  slight  disposition  to  be 
.jjrumous. 
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Such  are  the  objections  which  present  them- 
selves on  the  review  of  Hunter's  Ideas  of  fluid 
vitaHty ;  yet  I  am  by  no  means  confident  that 
these  Ideas  are  erroneous.  I  am  aware  that 
every  Physiological  opinion  is  liable  to  objections, 
and  that  it  is  much  more  easy  to  overturn  a 
Theory  than  to  substitute  a  better.  Mr.  Hunter 
was  a  man,  who  rarely  advanced  a  doctrine 
without  thought  and  research ;  and  hence,  in 
canvassing  the  merit  of  his  opinions,  we  should 
have  a  reflection  not  less  deep  and  observant,  and 
institute  an  examination  not  less  patient  and 
minute,  than  those  which  formed  the  basis  of 
these  opinions. 


Chap.  II. 
CHEMICAL  QUALITIES  OF  THE  BLOOD.* 

J-  HE  specific  gravity  of  recent  Blood  has  been 
stated  by  Haller  at  I527,t  Water  being  1000  ;  by 
Boyle|  at  1041  ;  by  Jurin,§  at  1054  ;  by  Blumen- 
bach,f  at  1050;  by  Henry,  1|  at  1053  to  1126; 
and  by  Dr.  Whiting,  whose  Experiments**  are 
deserving  of  particular  regard,  at  1055  to  1061. 
Some  variety,  no  doubt,  arises  from  the  state  of 
the  system  at  the  time  of  the  Blood's  being  taken, 
but  much  more  from  the  degree  of  accuracy,  with 
which  the  examination  is  conducted.  My  own 
observations,  though  marked  by  considerable 
diversity,  lead  to  the  conclusion,  that  the  mean 
gravity  may  be  estimated  at  1050. 

The  solid  contents  of  the  Bloody  also,  have  been 
differently  stated,  the  causes  of  disparity  being 

*  After  the  accurate  Analyses  which  have  been  made  by  Berzelius, 
Bostock,  Marcet,  and  other  eminent  Chemists,  I  should  not  have  inserted 
any  remarks  on  the  subject,  if  Mr.  Cooper's  proposal  had  not  required 
a  Chapter  on  the  "  Chemical  Qualities  of  the  Blood." 

t  Physiol.        4:  Hist,  of  the  Humane  Blood.        $  Phil.  Transact. 

f  Inst.  Physiol.  ||  Elem.  Chemistry.  **  Disputatio  Med.  de 
Sanguine  iEgrorum. 
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probably  the  same  as  in  the  estimate  of  the  specific 
gravity.  Hoffmann  found  4  ounces  of  Blood  to 
yield  on  evaporation  1  Ounce.*  Vieussens  ob- 
tained 3  Ounces  7  drams  of  grey  ashes  from  50lbs. 
of  exsiccated  and  calcined  Blood.f  Berzelius 
and  Marcet  state  the  fluid  parts  to  be  in  the  pro- 
portion of  900  to  1000,  but  Bostock  rates  it  at 
Y^-t  Whiting  ascertained  the  ratio  in  healthy 
Blood,  to  be  ^^  in  one  case,  and  ^^  in  another. 
With  these  observations  my  own  nearly  accord. 
On  evaporating  Blood  to  dryness,  I  have  found 
the  solid  contents  to  be  in  the  proportion  of  about 
1  to  4 ;  or  the  watery  parts  to  be  as  750 — 850  to 
1000. 

The  temperature  of  the  circulating  Blood,  is  \ 
98° — 102'*;  and  its  heat  is  said  to  be  the  same  in  / 
Arteries  and  Veins  in  proportion  to  their  vicinity  \ 
to  the  heart.  ^ 

Exposed  to  distillation,  the  Blood  affords  Hy- 
drogen, Carbonic  Acid  Gas,  and  Azote,  Ammo- 
nia, Prussic  Acid,  Inflammable  Oil,  Phosphate  of  < 
Lime,  (Phosphate  of  Iron  ?)  and  Salts  of  Soda. 

*  Philos.  Corporis  Hamani. 

t  Phil.  Transact. 

t  Med.  Chir.  Trans.    See  the  Tables  at  Page  1  of  the  Appendix. 
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tn  stating  the  general  properties  of  the  Blood, 
its  spontaneous  separation  into  Serum  and  Cras- 
samentum  was  noticed.  The  proportion  which 
the  former  hears  to  the  latter,  varies  according  to 
the  state  of  the  system,  but  its  medium  in  health 

^is  usually  jf  to  —  *  or  as  1  part  Serum-\  to  1-3 — 
1-4  Crassamentum.  Langrish,J  on  bleeding  three 
young  men,  wholly  free  from  disease,  found  the 
fluid  part  to  be  considerably  more  than  j  though 
it  did  not  reach  |.  The  proportion  of  the  whole 
Serum,  i.  e.  of  the  fluid  portion  of  the  coagulum 
artificially  separated,   as  well  as  that  naturally 

I  exuded,  is  stated  by  Jurin  at  ^■  of  the  entire 
/   Blood.     Diet  and  Exercise,  however,  produce  a 

\  considerable  alteration  in  the  relative  quantites  of 

^  Serum  and  Crassamentum. 

Sect.  1.  Serum. 

The  specific  gravity  of  the  Serum  has  usually 
been  stated  at  1020  to  1030.  Boyle  and  some 
others  have  estimated  it  much  higher,  but  their 
experiments  were  objectionable.     The  medium 

•  This  estimate,  I  scarcely  need  observe,  is  formed  from  weight, 
t  The  separable  part  of  Serum ;  for  the  Insula  contains,  after  the  com- 
pletest  coagulation,  a  considerable  portion  of  fluid; 
t  Theory  and  Practice  of  Physic 
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is  considered  by  Bostock,  1023,  and  by  Marcet, 

1029.     Jurin  states  it  at  1028—1030.     My  own 

examinations   of   Serum   convince   me   that  its 

specific  gravity  is  subject  to  great  variety.     I  have 

found  it  as  low  as  1004  and  as  high  as  1080:* 

but  the  medium  may  be  fairly  rated  at  1020—1040. 

r  Serum  contains  Albumen,  Water,  the  Carbonate 

;  Sulphate  and  Muriate  of  Soda,  Muriate  of  Potass, 

/  the  Phosphates  of  Soda  and  of  Lime.     Bostock 

\  found  the  Muriate  of  Soda  to  be  in  the  propor- 

[  tion  of  1  to  300. 

The  solid  contents,  on  evaporation,  are  stated  by 
Bostock  at  12  per  Cent.  The  average  of  my  awBt 
observations  is  somewhat  lower. 

The  Sulphuric  and  other  mineral  Acids,  readily 
coagulate  Serum^  separating  its  albumen  in  the 
form  of  a  flaky  precipitate.  Without  the  action 
of  chemical  agents.  Serum  remains  fluid  in  the 
temperature  of  the  atmosphere,  but  coagulates  on 
exposure  to  a  heat  of  150" — ^160".  A  semi-trans- 
parent clot  is  formed,  of  a  yellowish  hue,  with  a 
surface  freckled  and  cupped.  The  pellicle  on  the 
top  has  an  oily  appearance,  beneath  this  is  a  blu- 

•  These  observations,  it  is  proper  to  remark,  were  not  made  on 
healthy  Blood. 
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ish  substance,  and  at  the  bottom  an  oclirey  mass< 
\  I'lie  coagulum  of  Serum  is  principally  Albumen. 
\  It  consists^  of  Carbon,  Azote  and  Oxygen,  con- 
\  Gaining  also  a  large  proportion  of  Sulphur.  This, 
\  according  to  Proust,  is  coffirbined  with  Ammonia 
(^  in  a  state  of  Hydro-sulphuret.  4 

From  coagulated  Serum  may  be  pressed  a  small 
quantity  of  fluid,  whicb  has  obta;iiied  the  name  of 
Serosity.  In  this,  the  salts  are  chiefly  found. 
It  is  water,  holding  in  solution  about  is  of  album- 
inous matter,*  with  a  large  proportion  of  alkaline 
salts,  t  The  solid  contents  are  stated  by  Bostock 
at  iz  to  ro.  ■ 

From  the  analysis  of  S^enrni  compared  witb 
that  of  the  secretions,  it  is  apparent  that  this  fluid 
is  their  principle  constituent.. 

Sect.  2. — Crassamentum. 

The  Crassamentum  is  separated  by  ablufiori 
into  two  parts,  viz.  the  Fibrine  and  the  Red 
Particles  or  Cruor. 

J.  Fibrine-  If  recent  Blood  be  stirred  for  a 
few  minutes,   an  adhesion  of    the   coagufafing 

*  It  was  generally  miderstood  that  the  Serosity  was  gelatijiousy  till  the 
experiments  of  Brande  and'  Bostock  pioved'that  no  J«Hy  exists  in  Serum. 

t  Brande  in  Phil'.  Tra». 
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Lymph,  to  the  rough  surface  of  the  stick  takes 
place ;  and  this  flaky  substance,  losing,  on  repeat-^ 
ed  washing,   its  red   Particles,    shews   distinct- 
ly and  beautifully,  the  Fihrine  wliich  forms  its 
basis.*     It  has  the  appearance  of  ^hite  strings 
laid  in  striae,  and  resembles,  in  form  and  distri- 
bution, the  planes  of  muscle  which  encircle  the 
/  Bladder.  ^  Fibrine  consists  of  Azote,  Carbon,  and 
)  Oxygen;  the  first  of  which  is  found  in  greater 
.proportion  than  in  any  other  animal  substance. 
'  There  exist  also,  according  to  Hatchett,f  some 
traces  of  Albumen.     The  Fibrine  is  with  difficulty 
soluble  either  in  Sulphuric  Acid,    Alcohol,    or 
solutions  of  Ammonia,  and  is  but  little  affected 
by  other  chemical  agents.    The  proportion  which 
it  bears  to  the  entire  Blood,  is  stated  by  Berzelius 
at  -75  to  1000;  but  Whiting,  from  his  Experiments, 
concludes  it  to  be  from  1  to  2  in  1000.  v^  The 
Fibrine  is  well  known  to  form  the  basis  of  Muscle ; 
j  and  so  nearly  does  it  approach  to  organised  mat- 
iter  that  the  Galvanic  Aura  increases  its  contrac- 

•  Malpighi  first  described  this  interesting  appearance :— «  Coateatu- 
ram  namque  fibrosam  et  quasi  nerveis  fibris  compaginatum  rete  videbis, 
in  cujns  exiguis  excitatis  spatiis  et  sinibus,  velut  celiulis,  rubicundus 
stagnat  ichor^" 

t  Phil.  Trans. 
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tioii.     From  it  are  formed  the  various  parts  of  the 
j  animal  Frame,  as  well  as  the  preternatural  struc- 
tures resulting  from  disease ;  hence  its  names  of 
♦  \^Plastic  Lymph  and  Coagulable  Lymph. 

2.  Red  Par  ticks. -^The  specific  gravity  of  the 
Blood-globules,  is  to  water,  nearly  as  1*2  to  1. 
Jurin  states  it  at  1277,  water  being  1000  ;  and  in 
another,  though  incorrect  mode,  he  estimated  it 
at  1126* 

From  Berzelius'  analysis,  it  appears,  that  the 
ratio  which  the  red  Particles  bear  to  the  other 
constituents  of  the  Crassamentura  is  as  64  to  36. 

Their  Diameter  has  been  variously  estimated ; 
__Uti«  ^,f  an  inch,  t^,*^^-  ^^^^'  and  ^^^''-f  The 
most  recent  examination  is  that  of  Sir  E,  Home, 
and  Mr.  Bauer.  It  states  the  diameter  of  a  Glo- 
bule, devoid  of  its  colouring  matter,  to  be  i^*^'"§ 

The  Form  of  these  Particles  has  been  a  subject 
of  dispute  with  Philosophers.  Lewenhoeck, 
Hewson,  and  Cavallo  have  been  warmly  engaged 
in  the  controversy ;   and  though  each  determines 

*  Dr.  Jurin,  though  generally  accurate  in  his  researches,  seems  to 
estimate  the  Red  Particles  and  Fibriue  collectively. 

t  See  the  Writings  of  Haller,  Blumenbaclii  Wollaston,  d;c. 

§  Phil.  Trans.  1818. 
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their  figure  from  microscopical  observations,  each 
gives  a  different  account  of  what  he  beheld. — 
Lewenhoeck  represents  them  as  circular  at  rest, 
and  elliptic  in  motion :  influenced  by  the  excess 
of  a  laudable  spirit  of  discovery,  and  all  owing  fancy 
to  take  the  lead  of  careful  observation,  he  states, 
also,  that  each  principal  globule  is  composed  of  six 
minor  and  separable  globules,  Haller  andSenac 
compare  the  red  Particles  to  Lentils ;  yet  the 
former,  in  one  part  of  his  works,  asserts  their 
spherical  form,  and  doubts  their  change  on  motion. 
According  to  Hewson  and  Wells,  they  are  flat, 
with  a  vesicle  in  the  centre,  containing  a  solid 
substance  ;  according  to  Cavallo,  they  consist  of 
double  spheres  :  by  Blumenbach  they  are  consi* 
dered  as  simply  globular,  and  in  motion  oval: 
Hunter  believed  them  globular,  and  similar  in 
size  in  the  same  animal. 

Unaccustomed  as  the  eye  must  be  to  compara- 
tive calculations  on  objects  so  minute,  we  cannot 
be  surprised  at  the  disparity  of  these  opinions, 
particularly  when  we  reflect  on  the  deceptive 
representations  produced  by  the  refraction  of  the 
rays  of  light.  The  uncertainty,  however,  respect- 
ing the  figure  of  the  red  Particles,  is  the  less  to  be 
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regretted,  since  an  accurate  knowledge  of  the 
subject  would  not  probably  lead  to  any  physiologi- 
cal or  pathological  deductions ;  unless  it  should 
appear,  that  they  undergo  a  particular  change  of 
figure  in  passing  through  the  vessels,  or  that  the 
"  Error  loci"  of  Boerhaave  is  the  real  cause  of 
Inflammation,  or  of  Fever. 

The  Cruor  is  readily  dissolved  in  water  and 
lemon  juice,  but  with  much  less  facility  in  vinegar. 
Solutions  of  most  neutral  salts,  as  the  Nitrate  of 
Potass,  the  Muriate  of  Ammonia,  the  Sulphate 
of  Magnesia,  and  the  Salts  of  Soda,  the  Mine- 
ral Acids,  also,  reduced  to  a  low  degree,  have 
no  other  effect  on  the  red  Particles,  than  a  change 
of  colour;  the  Nitrate  of  Potass  giving  them  a 
scarlet  hue,  and  the  Mineral  Acids  producing  a 
dusky  brown.  Until  of  late  years,  it  was  generally 
believed,  that  the  Cruor  consisted  principally  of 
iron.  The  experiments  and  observations  of 
Fourcroy,  Vanquelin,  Parmentier,  and  Berzelius, 
induced  the  opinion  that  this  Mineral  existed 
either  in  the  form  of  Oxyd,  Subphosphate,  or  at 
least  as  the  elements  of  these  substances.  But 
"Wells,*  endeavoured  to  overthrow  this  opinion: 

•  Phil.  Trans.  1797. 
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later  experiments  render  the  common  idea  stitl 
more  problematical ;  and  many  modern  chemists  " 
find  but  slight  traces  of  iron  to  exist  in  the  Blood.* 
The  red  Particles,  however,  are  slightly  attracted 
by  the  magnet. 

Berzelius  and  Brande  have  ascertained  that 
the  colour  of  the  Blood  does  not  depend  upon 
iron :  they  conceive  that  it  is  produced  by  a  pecu- 
liar animal  dye. 

That  the  changes  we  observe  in  the  colour  of  the 
Blood,  are  produced  by  the  Oxygen  of  the  Atmos- 
phere, is  evident  from  the  effects  of  Respiration,  as 
well  as  from  the  daily  observation,  that  when  Blood 
is  drawn  from  the  body,  its  surface  becomes 
scarlet,  while  the  interior  parts  remain  of  a  deep 
carbonized  hue,  till  their  position  be  altered,  and 
the  air  freely  admitted.  If  Blood  be  exposed  to 
Oxygen,  the  bulk  of  the  Gas  is  diminished  in 
proportion  to  the  scarlet  colour  which  is  induced : 
Carbonic  Acid  Gas,  on  the  contrary,  quickly 
deepens  the  hue  of  arterial  Blood ;  and  hence 
we  should  conclude  that  the  absorption  of  Car- 
bon is  the  cause  of  the  Modena.  But  Priestley 
found  that  Arterial,  assumed  the  cast  of  Venous 

•  Hatcbelt  and  Brande  in  Phil.  TranSo 


Blood,  though  placed  in  vacuo.  Hydrogen  re- 
moves the  purple  hue  of  the  Blood,  but  Azote  and 
Nitrous  Oxyct  render  it  dark. 

The  colour  of  the  Blood  in  the  circulation,  is 
heightened  by  exercise  and  proper  diet,  and 
diminished  by  a  sedentary  life,  and  a  bad,  or 
scanty  supply  of  food.  Repeated  bleedings  ren- 
der it  much  paler ;  and  hence  it  appears  that  the 
Globules  are  not  of  comparatively  easy  reparation, 

Haller  has  remarked,  that  the  Blood  of  young 
and  debilitated  animals  is  of  a  pale  yellowish 
cast.  I  have  never  observed  this  variety  either 
in  w^helps  and  other  young  animals,  or  in  the 
feeble  and  languid.  Between  the  young  and  the 
adult,  there  exists  scarcely  any  difference ;  and 
in  the  Blood  of  the  debilitated  and  the  strong,  no 
other  disparity  than  a  shade  of  red. 

Medicines  containing  Iron  are  known  to 
increase  the  hue  of  the  Blood ;  and  this  effect 
has  been  attributed  to  the  absorption  of  thQ 
mineral  into  the  circulating  fluids. — The  cause, 
however,  more  probably  originates  in  the  tonic 
stimulus  of  the  medicine  on  the  Alimentary 
Ganal  and  the  consequent  activity  of  the  vascu- 
lar System. 
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Sect.  3.~-Halitus. 
The  steam  which  arises  on  the  subtraction  of 
Blood  is  found  to  consist  of  Hydrogen  and  Car- 
bon, and  differs  little  from  common  water.    It 
}s  nidorous  to  the  smell. 


Chap.  III. 

PECtJLTAIlITIES  OF  THE  BLOOD  IN  DIFFERENT 
CLASSES  OF  ANIMATED  BEINGS. 

W  HEN  it  is  considered,  that  in  most  animals  of 
the  higher  orders  a  marked  similarity  exists, — that, 
although  some  peculiar  structures  are  provided 
for  the  particular  situation  o  r  habits  of  these 
creatures,  yet  all  have  the  systems  of  circulation, 
low-motion  and  sensation,  all  have  organs  of 
Digestion  and  of  Secretion  common  in  their 
nature  and  similar  in  their  action, — we  cannot 
expect  to  find  any  considerable  variety  in  the 
character  of  the  Blood,  This  opinion  is  support- 
ed hy  a  remark  of  Hunte/s.  i  He  has  stated  that 
no  material  difference  exists  in  the  Blood  of 
different  animals,  except  in  the  proportion  of  red 
Particles.  ^  "  Transfusion  of  the  Blood  of  one 
animal,"  as  he  justly  observes,  "  into  the  vessels 
of  another,  proves  to  a  certain  degree  the  uniform 
nature  of  the  Blood."*  Nor  does  it  appear 
requisite,  that  the  Animals  on  which  this  Experi- 

*  Hunter  on  the  Blood. 
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tnent  is  made,  be  of  the  same  tribe  *  The  Blood 
of  a  carnivorous  creature  will  circulate  in  the 
vessels  of  the  graminivorous,  and  the  Blood  of 
the  graminivorous  will  circulate  in  those  of  the 
omnivorous. 

To  form  a  complete  comparative  statement  of 
this  fluid,  as  it  exists  in  the  different  orders  of  the 
animal  kindom,  if  it  were  an  inquiry  either  prac- 
ticable or  desirable,  would  require  ample  oppor- 
tunities, much  leisure,  and  the  nicest  observations. 
I  have  examined,  however,  the  Blood  of  those 
Animals  which  I  was  able  to  procure;  and  although 
I  regret  the  time  spent  in  this  research,  yet,  since 
even  negative  knowledge  is  not  always  devoid  of 
utility,  I  proceed  to  state  the  results  of  my  in- 
quiries, connecting  them,  at  the  same  time  with 
the  Experiments  and  remarks  of  others. 

I.  The  quantity  of  Blood  in  proportion  to  the 
bulk  of  the  animal,  is  believed  to  vary  in  different 
tribes.      Dr.  Moulinf  examined  the  weight  of 


•  In  an  inaugural  Thesis  publisbed  by  Dr.  Leacock,  "  De  Hemor- 
rhagia,"  several  Experiments  on  Transfusion  are  related.    At  the  conclu" 

sion  he  remarks  " —  docet  sanguinem  ovis,  animalis  soil,  herbivori, 

posse  sustentare  canem,  aminal  contra  carnivorum."    See  also,  the  earlj 
Tolumes  of  the  Phil,  Transactions. 

t  Phil.  Trans. 
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slaughtered  animals  before  and  after  death.      He 
found  that  a  Sheep,  whose  weight  was 

118  lbs.  lost  5^  lbs.  of  Blood,  or  1  in  22-4   of  the  whold 

weight. 

A  Lamb 1  in20-3 

A  Duck 1  in  28-6 

A  Rabbit 1  in  29*2 

Prom  these  statements  it  appears  that  the  Lamb 
.  has  a  greater  proportion  of  Blood  than  the  Sheep, 
the  Sheep  than  the  Duck,  and  the  Duck  than  the 
L-  Kabbit.      Conclusions  from  such  premises,  how- 
ever, are  by  no  means  satisfactory ;  since  the  esti- 
mate is  formed  from  the  quantity  lost  by  hemorr- 
hage, anditiswell  known  that  in  such  circumstances, 
the  particular  state  of  the  Nervous  system,   as 
retarding  or  accelerating  death,  will  materially 
affect  the  flow  of  Blood,  and  consequently  render 
tlie  calculation  inaccurate.  "^  As  a  general  obser- 
jVation,  however,  I  believe  that  Birds,  Fishes,  arid 
S  the  weaker  animals,  have  a  less  relative  quantity  of 
I  Blood  than  the  larger  and  more  muscular j  and  that 
\  in  the  iiighest  orders  of  the   creation,   in   man 
Lespecially,  the  proportion  is  by  far  the  greatest. 
II.  The  point  on  which  I  expected  most  diver- 
sity was  in  the  relative  quantities  of  Serum  and 
Crassamentum. 
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In  Dogs  I  found  tlie  Serum  in  proportion  to  |  ^^  ^^  ^^  ^^  ^^^ 

the   Crassament.um,  as i 

In  Oj:f »  the  average  appeared  to  be  as 1 0  to  1 G 

In  Horses, 10  to  13 

In  Sheep,  the  medium  of  some  parcels  has  been  10  to  21 
while  in  others,  it  was  but  as    ......   10  to    8 ! 

In  Swine, 10  to  18 

In  Fowls,    10  to  16 

Although  ray  Experiments  are  far  from  evincing 
a  disparity  uniform  in  its  reference  to  the  classes 
of  animals,  yet  it  appears  probable,  that  a  more 
complete  examination  would  prove  the  Crassa- 
mentum  to  hear  a  proportion  to  the  strength  and 
ferocity  of  the  Animal ;  since  I  never  found  the 
Serum  in  such  quantity  as  in  the  timid  sheep, 
nor  the  Crassamentum  so  abundant  as  in  the 
predatory  dog.f 

III.  The  periods  of  Coagulation  have  also  been 
compared  with  those  of  human  Blood. 

In  the  Elood  of  the  Horse  concretionj  occurred  in  from  5  to  13 
minutes. 

In  that  of  the  Ox from  2  to  10  minutes. 

In  that  of  the  Sheep,  Hog,  and  Rabbit  ....   |  to    1| 

In  the  Blood  of  the  Lamb |to    1........ 

In  that  of  the  Dos: *  to    3 , 


•  My  estimates  of  the  relative  quantities  of  Serum  and  Crassamentum 
liave  always  been  formed  from  weight. 

t  In  one  case  it  was  33  to  10  of  Serum. 

%  By  concretion  I  mean  the  commencement  of  coagulationt 
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In  that  of  the  Duck 1  to    2 

In  that  of  Fowls    |  to    1| 

Haller  observed,  that  the  Blood  of  a  Mouse  coagulates  in  a 
moment. 
From  these  observations  a  general  inference 

may  be  drawn,  that  Coagulation  commences  sooner 

■  in  small  and  weak  animals,  than  in  the  large  and 

\  strong. 

IV.  Temperature. — It  has  been  generally  under- 
stood, that  the  heat  of  the  Blood  does  not  vary  in 
Animals  of  the  higher  orders.  Braun,*  hovrever, 
has  stated  that  theBlood  of  a  Calf  raises  the  Ther- 
mometer to  104°,  and  that  of  Birds  to  107"— 110^ 
Doubting  the  fact,  I  examined  the  Blood  of  the 
Ox,  Horse,  Sheep,  and  Duck,  in  reference  to  this 
subject.  In  the  Horse,  the  Temperature  of  the 
flowing  Blood  was  97° ;  but  in  the  Ox,  100''~101'* ; 
in  the  Sheep,  102"— 103";  and  in  the  Duck  107^ 
It  is  not,  therefore,  without  reason,  that  Braun  has 
asserted  the  Blood  of  Birds,  and  many  animals  of 
the  class  Mammalia,  to  maintain  a  degree  of  heat 
higher  than  that  of  man, 

V.  In  the  Chemical  Qualities  of  the  Blood  of 
Animals,  no  considerable  variety  has  been  found 
to  exist.     Berzelius  states  the  Blood  of  the  Ox;, 

*  Diss.  Pbyslca  Experimentalis  in  Comms;  Acad.  Petropolitana»« 


to_  differ  in  no  respect  from  that  of  the  human 
"^gsubject,  except  in  containing  a  smaller  quantity  of 
Saline  matter,  and  a  larger  proportion  of  Azote. 
The  latter,  however,  is  a  circumstance  curious  and 
unexpected,  when  we  consider  that  man  lives  in 
a  great  measure  on  animal  food,  while  the  Bul- 
lock's sustenance  is  wholly  vegetable. 

The  specific  gravity  of  the  Blood  of  Animals,  and 
the  solid  coyitents  on  evaporation,  have  been  found 
to  bear  a  general  resemblance  to  those  of  the 
human  subject,  as  far  as  my  Experiments  have 
been  prosecuted.* 

The   Serum   of  animals   presents   no  marked 

diversity,  either  in  its  appearance,  its  taste,   its 

qualities  or  its  coagTdation.f     In  fat  animals  I 

^  have  often  noticed  oily,  or  rather  adipose,  matter 

'f  floating  on  the  surface  of  the  Blood  :  on  cooling, 

I  this  substance  has  become  a  white  concrete  mass. 

On  the  venous  Blood  of  Whelps,  I  have  more 
than  once  remarked  a  cream-like  crust.  It  was 
thickest  at  the  edge  of  the  coagulum,  though  milky 
streaks  pervaded  the  Serum 

VL  The  red  Globules  exist  principally  in  the 

*  In  the  appendix  some  particulars  are  stated. 
J  See  Appendix, 
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more  perfect  animals ; — in  the  Mammalia  and 
Birds,  partly  in  Fishes,  but  Hot  generally  in  Rep- 
tiles, Insects  and  Worms.  In  some  creatures, 
coloured  Blood  is  found  in  the  vessels  near  the 
/  Heart,  while  the  rest  of  the  body  is  supplied  only 
with  a  serous  fluid.  We  observe  some  Fishes  to 
have  red  Blood  afforded  to  particular  parts,  while 
the  contents  of  the  vessels  in  the  principal  struc- 
tures are  pale.  In  the  Skate,  for  instance,  the 
Fins  have  ramifications  of  scarlet  vessels^  yet  the 
rest  of  the  body  is  white.  In  Frogs,  the  Blood 
brought  from  the  Intestines  is  represented  by 
Haller  to  be  of  a  pale  yellow :  he  also  observed,  in 
the  same  reptile,  two  columns  yellow  and  purple, 
resisting  each  other  in  the  same  vein.*  The 
blood-globules,  in  the  i^mphibia,  and  those  crea- 
tures whose  circulation  is  slow,  are  much  larger 
than  in  man  ;f  while  in  some  animals,  they  are 
said  to  be  considerably  smaller.  Of  those  crea- 
tures, which  want  the  red  Particles,  most  have 
while  Globules,  but  in  the  lowest  orders,  even 

"  Second  Dissert,  on  the  Blood. 

t    Baker  in   speaking  of  the   water-sow,  states  that  the  Globules 

I"  appear  about  ten  times  as  large  as  those  of  the  human  Blood,  and  their 

progressive  motion  is  very  slow  and  langnid,  whereby  they  become  more 

distinguishable  than  the  globules  are  in  the  Blood  of  animals,  whose 

circulation  is  swifter."   Employment  for  the  Microscope. 
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these  cannot  be  discerned  by  the  Microscope. 
In  such  minute  animals,  it  is  impossible  to  ascer- 
tain the  quantities  of  the  other  constituents : 
reasoning,  however,  from  analogy,  we  should 
conclude  that  the  proportion  of  Fibrine  is  small. 
VII. — The  Blood  of  some  creatures  is  found, 
while  circulating,  to  contain  air-bubbles.  In  the 
Land  and  Sea  Tortoises,  in  some  Fish,  in  the 
Hedge-hog  and  the  Viper,  this  appearance  lias 
been  asserted  by  respectable  Writers.* 

*  Morgagni  de  Sed.  et  Cans,  Morb.  Epist.  V.  22. 


Chap.  IV. 
COAGULATION. 

In  stating  the  general  properties  of  the  Blood,  the 
common  Phenomena  of  Coagulation  were  detail- 
ed. It  is  now  requisite  to  notice  the  effect  of 
certain  circumstances  in  retarding  or  accelerating 
this  process,  as  well  as  the  operation  of  some 
chemical  agents. 

1 .  Solutions  of  the  Sulphate  of  Soda,  Nitrate 
of  Potass,  and  of  most  other  Neutral  Salts,  it  is 
well  known  prevent  the  complete  coagulation  of 
the  Blood.  The  diluted  mineral  acids  also,  and 
Bile*  have  a  similar  effect.  Water  added  to  Blood 
has  no  influence  on  the  period  of  coagulation, 
unless  its  relative  quantity  be  considerable.  A 
solution  of  Opium  retards,  though  it  does  not 
preclude,  this  process.  It  occurs  also,  when  the 
Blood  is  mixed  with  the  poison  of  the  Viper.f 

•  If  Blood  be  taken  from  the  Hepatic  vessels  of  an  Ox,  recently 
kilkd,  it  cakes,  bnt  never  separates  into  distinct  Serum  and  Crassamen- 
tiiin  :  this  probably  arising  from  the  Blood's  having  partially  assumed 
that  change,  vfhich  constitutes  the  biliary  secretion. 

t  Mead's  Medical  Works,    Fentana  on  Poisons. 
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The  Bitters,  Tobacco,  and  various  Narcotics, 
impede  the  separation  of  the  Blood,  or  render  it 
less  perfect*  A  solution  of  Ammonia  almost 
wholly  prevents  coagulation.  Most  Gaseous  fluids 
accelerate  it. 

2.  The  influence  of  Medicines^  internally  admi- 
jiistered,  on  the  Blood's  disposition  to  coagulate, 
is  not,  however,  apparent.  If  Venesection  be 
performed  when  the  system  is  saturated  with 
Mercury,  the  Blood  I  have  found  to  assume  its 
changes  in  the  usual  time.  To  ascertain  the  effect 
of  stupefaction  from  opium  in  reference  to  this 
subject, 

Experiment  I. 
A  small  cupful  of  Blood  was  taken  from  a 
Whelp,  to  which  had  been  given  two  hours  before, 
ten  grains  of  Extract  of  Opium.  Four  days 
afterwards,  I  remarked,  that  the  coagulation  was 
hut  partial.  This  Experiment,  however,  was 
incomplete,  since  from  accidental  circumstances, 
the  period  at  which  the  process  commenced,  was 

"  The  writer  of  the  article"  Blood"  in  Rees^  Cyclopaedia,  states,  that 
he  has  frequently  received  Blood  into  strong  decoctions  of  Belladonna, 
Tobacco,  &c.  and  that  he  usually  found  a  flacculent  coagulum  to  form 
at  the  expiration  of  eight  minutes.  But  it  does  not  appear,  that  in  any  of 
his  Experiments,  the  natural  process  was  complete. 
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not  properly  noted.  The  Blood,  moreover,  of 
very  young  animals,  rarely  undergoes  a  complete 
separation. 

Exp.  II. 

To  a  Dog  was  given  half  a  dram  of  Extract  of 
Opium  ;  and  in  two  hours,  the  animal  appearing 
to  be  completely  under  the  influence  of  the  Nar- 
cotic, a  v/ound  was  made  in  the  neck,  and  a 
Carotid  artery  divided.  The  Blood  had  a  natural 
aspect,  and  begun  to  coagulate  in  two  minutes. 
Weighed  35  hours  after,  the  proportions  were 
found  to  be— Seium  570,  Crassamentum  1176,  or 
as  10  to  206. 

I  conclude,  therefore,  that  intoxicaiion  from 
Opium  does  not  affect  the  coagulation  of  the  Blood. 

3.  The  coagulation  of  the  Blood  is  induced  readily 
inproporlion  toits  paucity.  If  it  trickle  from  a  wound, 
«;r  flow  over  an  extensive  surface,  concretion,  as 
daily  observation  evinces,  almost  instantly  en- 
sues ;  but  if,  on  the  contrary,  it  issue  in  a  frdl 
stream,  and  be  received  in  a  proper  vessel,  sever- 
al minutes  elapse  before  this  process  commences. 
Although,  however,  coagulation  begins  the  soonest 
in  proportion  to  the  paucity  of  the  Blood,  the  com- 
plete separation  of  the  Serum  and  the  Crassamen* 
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turn  is  in  the  inverse  ratio;  or  at  least,  does  not 
take  place  when  the  quantity  is  very  small,  or  the 
coaguhim  thin.  It  is  perhaps  deserving  of  remark, 
that  in  some  cases  where  the  Blood,  after  death, 
is  foimd  fluid  or  grumous  in  every  other  part, 
it  is  coagulated  in  the  heart;*  the  peculiarity 
originating  probably  in  the  larger  quantity  con- 
tained in  this  viscus. 

4.  Agitation  is  another  agent  in  retarding 
coagulation. 'f  The  stirring  of  Blood  as  it  flows 
from  an  animal,  is  frequently  practised  for  culinary 
purposes,  to  prevent  its  caking.  In  this  case,  a 
portion  of  Crassamentum  adheres  to  the  sticky 
while  the  rest  forms,  with  the  Serum,  a  grumous 
mass. 

5.  The  influence  of  high  and  lorn  degrees  of 
temperature  on  the  Blood's  coagulation  has  often 
been  erroneously  stated.  To  ascertain  the  pre- 
cise effect  of  these  agents,  the  following  Experi- 
ments were  made  : 

•  Exp.  in. 
On  bleeding  a  patient,  one  cup,  containing  about 
an  ounce  of  Blood,  was  placed  in  a  temperature  of 

•  Morgagni  relates  several  instances  in  his  Epistles, 
t  It  was  remarked  by  Hippocrates:— Hv   ^£  w;   avro  (i.   e.  aifici) 
rivaacrec,  a  irip/rvrat.     De  Carnibus. 
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J  20**,  and  another  of  similar  capacity,  in  a  tempe- 
rature of  40".  -^  The  first,  with  a  sizy  surface,  was 
^,  strongly  concreted  in  two  minutes ;  the  second, 
4  without  any  size,  began  to  coagulate  in  2  min. 
/  10  sec.  The  time  requisite  for  coagulation  in  the 
I  temperature  of  the  atmosphere  (55°)  was  found  to 
^  be  4 — 5  minutes. 

Exp.  IV. 

On  taking  Blood  from  the  arm,  the  first  cup 

was  placed  in  water  heated  to  110°,  and  the  second 

on  the  table,  temperature  about  60°.      The  first, 

\  bufFy,  coagulated  in  21  minutes,  the  second  with- 

'  out  bufi",  caked  m  two  mmutes. 

Exp.  V. 
A  similar  Experiment,  no  trace  of  the  buff: — 

1.  Temperature    45**  coagulated  in  2|  minutes. 
2 70^ 4    

These  observations  lead  to  the  conclusion,  that 
both  high  and  low  degrees  of  Temperature  hasten 
the  Blood's  concretion ;  and  if  it  be  remembered, 
that  this  process  is  greatly  retar4ed  by  the  presence 
of  the  sizy  tunic,  IV.  supports  the  opinion  as 
strongly  as  V.  Among  other  EKperiments  which 
I  made  on  the  subject,  one*  seemed  to  contradict 

•  In  bleeding  a  lad  labouring  under  an  enlargement  of  the  Axillary 
Glands,  three  cups  were  taken  :— 
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the  inference  I  have  drawn ;  but,  as  the  rest 
bore  an  opposite  character,  I  conclude  this  excep- 
tion to  haYC  arisen  from  some  fortuitous  cause. 
The  general  result  has  been,  that  of  degrees  of 
heat  from  40°  to  120°,  the  Blood  concretes  soonest  in 
a  temperature  o/'lOO" — 120°;  next  inone  of  40° — 50°; 
and  las ty  and  with  a  greater  disparity/,  in  that  of  QO'^ 
to  90°.  It  is  deserving  of  remark,  however,  that 
the  Serum  is  most  readily  and  copiously  effused  in 
the  higher  temperatures ^  and  this  I  believe  in  regu- 
lar gradation.  Hewson  and  Hey  agree  in  stating, 
that  the  nearer  the  heat  is  to  that  of  the  human 
body,  the  more  speedy  and  perfect  the  separation ; 
but  experiment  will  evince  a  temperature  of  1 20°, 
to  cause  a  more  speedy  and  perfect  coag'ulation, 
than  one  of  98°. 

Mr.  Hey  has  observed,  that  a  heat  of  from  39°  to 
46°,  frequently  prevents  altogether  the  separation 
of  Serum.     I  have  often  placed  Blood  in  a  room 

1.  Placed  in  a  cold  solution,  42°,  coagulation  commenced  in  6  mins. 

2.  Placed  on  a  table, 45'', , 4 

3.  Placed  in  water  heated  to  98", 3 

The  disparity  in  the  periods  of  coagulation  in  numbers  1  and  2  may, 
perhaps,  be  attributed  to  the  state  of  the  system.  "  Aware  that  coagula- 
tion is  accelerated  by  that  debility  which  bleeding  induces,  I  generally 
filled  the  cups,  in  these  Experiments,  as  nearly  at  the  same  time  as 
possible.  In  this  case,  however,  I  recollect  the  interval  to  have  been 
longer  than  usual. 
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where  the  thermometer  stood  at  45"  to  48"  and  50'', 
but  never,  as  yet,  have  remarked  this  phenomenon. 

After  the  preceding  remarks,  it  is  unnecessary 
to  confute  the  notion  that  the  Blood  coagijlates  at 
a  particular  temperature,  as  stated  by  some  re- 
spectable authors. 

(5.  A  curious  observation  has  been  made  by 
Mr.  Hey,  that  if  the  flowing  Blood  be  receiv- 
ed into  a  cup  containing  a  proportion  of  water, 
this  fluid  will  be  in  a  great  measure  absorbed  by 
the  Crassamentum  during  coagulation,  the  insula, 
in  such  circumstances,  considerably  exceeding 
that  of  the  undiluted  Blood.*  Though  a  small 
quantity  of  water  does  not  materially  affect  the 
coagulating  process,  yet  a  proportion  of  1  to  2  will 
generally  I  believe  produce  the  effect  he  has  re- 
marked. 

7.  Connected  with  the  subject  of  coagulation, 
a  question,  not  devoid  of  interest,  may  be  started 
for  discussion  and  inquiry.     How  far  is  it  possible 

*  In  one  of  Mr.  Hey's  Experiments  the  result  was  as  follows  : — 

Serum.     Crass. 

1  Cup,  containing  an  ounce  of  cold  water 30-6  to  100 

2   tepid  water 450  ..  100 

3  ....  undiluted,  but  the  vessel  placed  in  a  cold  solution  40*8  ..  100 

4   .the tempera  l 

ture  of  the  human  body  ) 

Appendix  to  Hey's  Observations  on  the  Blood. 
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for  the  fluidity  of  the  Blood  to  be  regained  after 
concretion  has  occurred  in  its  vessels  ?  Coagula- 
tion to  a  great  extent,  it  is  obvious,  must  prove 
speedily  fatal,  but  that  it  may  take  place  in  a  minor 
degree  without  such  an  event,  is  rendered  proba- 
ble, by  some  observations  of  Hunter's  and  Haller's. 
The  former  states,  from  one  of  his  correspondents, 
that  the  Blood  of  a  Bat  in  its  torpid  state,  is  found 
in  a  certain  degree  coagulated,  but  that  fluidity  is 
quickly  restored  by  heat  and  motion.  From 
Haller's  Experiments  on  Frogs,  it  appears,  that  a 
temporary  concretion  may  be  occasionally  re- 
marked, even  when  the  vital  actions  are  undi- 
minished. 

8.  It  has  been  stated,  that  the  disposition  to 
coagulate  is  greater  in  Venous  than  in  Arterial 
Blood';*  and  this  also  in  proportion  to  the  vicinity 
of  the  vessel  to  the  heart:  nay,  some  have  assert- 
ed, that  arterial  Blood  never  coagulates.  The 
folly  of  the  latter  opinion,  the  operation  of 
Arteriotomy  will  at  any  time  exhibit ; — in  regard 

•  Alio  modo  etiam  differe  a  venoso  sanguine  arteriosum,  ex  eo  colle- 

gimus,  quod  vix  serum  a  sese  seperare  soleat,  din  licet,  asservatns  ;  per- 

fectiorcm,   intimioremque    omnium   miscelam   hinc  dcraonstrans. — D^ 

Haen,  Ratio  Medendi. 

ft 
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to  the  former,   the  fallowing  observations  were 
made : — • 

Exp.  VI. 
The  Temporal  Artery  of  a  man  labouring  under 
an  apoplectic  affection,  was  punctured ;  and  on 
the  hemorrhage's  ceasing  after  the  effusion  of 
about  402.  of  Blood,  the  cephalic  vein  was^ 
opened.  In  the  first  cup,  containing  Arterial 
Blood,  coagulation  commenced  in  5e«;eyA  minutes, 
while  in  the  second,  containing  Venous,  concre- 
tion took  place  in  three.  The  stream,  in  both 
cases,  was  smalL 

Exp.  VII. 

The  external  Jugular  and  Carotid  Artery  of  a 
lean  Dog  were  punctured  in  immediate  succession,, 
and  the  Blood  received  in  different  vessels.  Each 
portion  concreted  in  from  30  to  40  seconds  ;  but 
it  was  remarked  that  the  Arterial  Blood  assumed 
the  change  10  seconds  later  than  the  Venous. 

These  observations  then,  as  far  as  their  influence 
extends,  favour  the  doctrine  of  coagulation's  occur^ 
ring  soonest  in  Venous  Blood. 

8.  On  opening  the  bodies  of  Dogs  and  Rabbits 
immediately  after  death,  I  have  not  observed  any 
marked  difference,  either  in  the  period  of  coagu- 
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hitioii,  or  in  the  subsequent  appearance,  of  Blood 
taken  from  the  Pulmonary  Veins  and  Venai 
Cavae,  as  contrasted  with  that  of  the  External 
Ju^ilar  and  other  vessels.  I  have  thought,  how* 
ever,  that  which  is  drawn  from  the  Inferior  Cava 
and  Vena  Portae  to  want  the  uniform  character 
of  other  Blood,  and  to  be  somewhat  turbid  or 
muddy. 

Haller  observed,  that  the  Blood  of  the  Spleen 
has  a  remarkable  indisposition  to  coagulate,* 
and  manifests  rather  the  character  of  foetal  than 
of  perfect  Blood. 

10.  A  subject,  which  has  particularly  engaged 
my  attention,  is  the  comparative  periods  of  coagu- 
lation, as  influenced  by  the  strength  or  weakness  of 
the  vascular  action.  This  is  an  inquiry  of  consi 
derable  practical  importance,  as  well  as  physiolo- 
gical interest ;  and  hence  I  am  solicitous  that  the 
statements  should  be  fair  and  explicit.  Like  ma- 
ny other  physical  subjects,  it  has  afforded  matter 
of  controversy :  experiments  have  been  recorded 
by  Hewson,  on  the  one  side,  and  experiments  of 
contrary  result,  advanced  by  Mr.  Hey.  Is  it  not 
surprising,  that  in  philosophic  researches,  men  of 

•  "  Is  sanguis  vix  unquaiu  coagulatus  est.'' — Primae  Linece. 
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eminence  and  veracity,  should  not  only  maintain 
opposite  opinions,  but  support  them  by  an  appeal 
to  similar  experiments,  similar  facts,  and  similar 
observations?      Many  of  the  inquiries,  indeed, 
connected  with  our  profession,  are  of  such  intri- 
cacy, or  such  delicacy,  as  to  render  experiments 
indecisive  in  their  results,   or  capable  of  being- 
wrested  by  the  bias  of  the  experimenter  to  the 
support  of  a  preconceived  theory,      But  on  this 
subject  it  is  astonishing  that  a  difference  of  opinion 
should  exist,  the  experiments  are  so  readily  made, 
the  results  so  distinctly  evident,  and  so  generally, 
if  not  universally,  accordant.     To  ascertain  the 
point  in  dispute,  I  instituted  repeated  experiments 
on  the  Blood  of  Oxen,  Sheep,  Horses,  Dogs,  and 
Swine,  carefully  noting  the  periods  of  coagulation 
as  connected  with  the  state  of  the  vital  powers. 
Aware  of  what  I  have  before  remarked  on  coagu- 
lation's commencing  speedily  in  proportion  to  the 
paucity  of  the  Blood,  I  took  care  that  no  dispa- 
rity in  the  size  of  the  stream  should  invalidate 
the  result  of  my  inquiries — each  vessel  receiving- 
its  contents  from  a  full  uninterrupted  flow.     To 
avoid  unnecessary  details,  the  following  experi- 
ments only  are  stated. 
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Exp.  VIII. 
A  Dog  was  bled  to  death,  by  dividing  the  ves  - 
eels  of  the  Neck.  The  Blood  received  in  a  glass, 
on  the  first  gush  from  the  wound,  began  to  coagu- 
late* in  1  min.  10  sees.  A  second  portion,  taken 
about  2  minutes  afterwards,  began  to  concrete  in 
40  seconds.  A  third  quantity  received  immedi- 
ately before  the  death  of  the  animal,  became 
instantly  caked. 

Exp.  IX. 

The  throat  of  a  Whelp,  six  weeks  old,  was 
divided,  and  the  Blood  received  in  a  small  vessel. 
Coagulation  commenced  in  somewhat  less  than 
half  a  minute. 

The  first  received  Blood  from  a  wounded  Dog, 
usually  begins  to  concrete  in  1—3  minutes. 
Exp.  X. 

Blood  was  received  in  three  small  cups,  from 
the  neck  of  a  slaughtered  Sheep.     The  first  was 

*  It  should  be  remarked,  that  in  these  experiments,  coagulation  was 
noted  as  commencing,  ^heu  a  clot  could  be  perceived,  and  not 
where  the  Blood  had  assumed  a  concrete  form.  Hence,  this  process 
may  appear  to  have  taken  place  sooner  in  the  experiments  here  detailed, 
than  in  those  of  others.  Should  any  one,  however,  be  disposed  to  re-ex- 
amine the  subject,  I  would  recommend  the  last  mode  in  preference  to 
that  I  adopted  ;  for  the  results,  though  the  same  in  both,  are  most  easily 
seen  by  allowing  the  Blood  wholly  to  lose  its  fluidity,  before  the  period 
ef  coagulation  is  noted. 
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filled  immediately  on  the  kiiife's  dividing  the 
vessels ;  the  second  about  1|  minute  afterwards, 
and  the  third,  a  few  seconds  before  death.  The 
time  which  elapsed  between  the  filling  of  the  cups, 
and  the  commencement  of  coagulation,  was, 
in  the  first,  ll  minute,  in  the  second,  1  minute^ 
and  in  the  third,  half  a  minute. 

Exp.  XI. 

Under  similar  circumstances,  two  small  cups 
were  filled ;  the  first,  on  the  incision's  being  made, 
and  the  second,  when  the  animal  was  greatly 
reduced. 

m.    s. 
Coagulation  conmenced  in  No.  1, 1...10 

No.  2, 0...50 

Exp.  XII. 

The  Blood  of  a  slaughtered  Ox  was  received 
in  three  cups ;  No.  1 ,  being  filled  on  the  first 
flow ;  No.  2,  about  three  minutes  afterwards,  and 
No.  3,  a  short  time  before  the  death  of  the 
animal. 

m.     s. 
Coagulation  commenced  in  No.  1, 3. ..40 

No.  2, 6.. .45 

;.. No.  3, 0...65 
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Exp.  XIII. 

XIV. 

similar  Experiment 

A  struggling  Ox. 

m.      s. 
No.l    ....   2.. .29 

m.    8. 
No.  1    2. ..50 

2   ....   8. ..30 

2  ....   1...10 

3   ....   0...30 

3   ....   2. ..15* 

XV. 

XVI. 

A  large  Ox. 

A  slaughtered  Hog. 

m.      s. 
No.  1    2. ..30 

m.  s. 
No.l 1...30 

2 1...35 

2 0...50 

3 1...10 

3 0...20 

Exp.  XVII. 

Blood  was  received  from  a  stuck  Horse,   at 

four  periods,  about  \\  minute  intervening  between 
the  filling  of  each  cup  : — 

m.    s.  m.    s. 

No.l   ....   11... 10  No.  3   ....     9.. .55 

2 10...   5  4   ....      3. ..20 

Of  my  remaining  Experiments  on  Animals, 
several,  from  accidental  circumstances,  were  ren- 
dered iaaccurate,  but  the  rest  so  much  resemble 
those  which  I  have  detailed,  as  to  require  no  par- 
ticular notice.  From  these  statements,  then,  it 
appears,  that  in  the  Dog,  Sheep,  Horse,  and  Hog, 
the  Blood  coogulales  slowly  in  regular  proportion  to 
the  Tonic  state,  or  that  condition  of  the  system  in 
which  the  vital  pofvers  are  strongest :    the  Blood 

♦  In  but  one  other  Ox,  and  this  a  remarkably  unruly  animal,  did  I  find 
coagulation  commence  late  in  the  la»t  cup. 
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received  immediately   be'bre  the  death    of  the 
animal,  first  assumes  this  change ;  next,  that  which 
is  taken  at  the  middle  period ;  and  lastly,  that 
which  is  received  on  the  first  effusion  of  the  wound. 
In  Oxen,  however,   it  was  frequently  found  (XII 
and  XIII)  that  coagulation  took  place  most  slowly 
at  the  middle  period.     At  first  I  was  at  loss  to 
account  for  a  circumstance  so  much  at  variance 
with  almost  every  other  observation.      On  reflec- 
tion, however,    I  concluded,  that   the   mode  6f 
slaughtering  Oxen  was  the  cause  of  the  disparity  ; 
the    animal   being    first   stunned    with   repeated 
blows  on  the  head,  and  afterwards  bled  to  death 
by  the  division  of  the  Jugular  vessels.     The  Ox, 
on  falling,  I  conceive  to  be  in  a  state  resembling 
apoplexy,  with  the  vital  powers  langm'd;  but  after 
the  loss  of  a  considerable  quantity  of  Blood,  the 
nervous  system  to  be  relieved  of  its  burden,  and 
the  constitution  to  regain  somewhat  of  its  wonted 
vigour.     Here,  then,  the  powers  of  life  are  strong- 
est in  the  midde  period;  next  so  in  the  first,  or  coma- 
tose ;  and  weakest,  after  great  evacuations,  or  on  the 
eve  of  death.     I  have  noticed,  that  when  a  coma- 
tose state  is  not  induced,  either  from  the  inex- 
pertness  of  tlie  butcher  in  striking  the  Ox,  or  from 
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the  Bullock*s  being  more  than  ordinarily  tenacious 
of  life,  the  coagulation  commonly  takes  place  in 
the  same  order  as  that  which  occurs  in  other 
animals.  The  separative  change  was  tw^ice  ob- 
served to  commence  slowly  in  the  last  received 
portion  of  Blood,  (Ex.  XIV.)  but  this  exception 
being  only  found  in  the  Ox,  may  be  attributed  to 
the  deranged  state  of  the  nervous  system.. 

The  general  inference  drawn  from  my  Experi- 
ments on  this  subject,  is  corroborated  not  only  by 
repeated  observation,  occurring  when  the  object 
of  my  research  was  unconnected  with  the  period 
of  coagulation,  but  by  the  testimony  and  casual 
remarks  of  others.  It  is  unnecessary  to  quote 
the  able  work  of  Mr.  Hewson,  since  he  laboured 
to  substantiate  the  doctrine  which  my  Experiments 
have  led  me  to  support.  Whoever  studies  the 
History  of  Experiments  on  the  Blood,  will  gene- 
rally find,  that  the  Authors  either  intentionally  or 
heedlessly,  state  the  fact  of  coagulation's  occurring 
most  readily  when  the  system  is  most  reduced.* 

*  Dr.  Jones,  in  liis  work  on  Hemorrhage,  states,  that  in  one  of  his 
Experiments,  the  Blood  taken  from  the  carotid  of  a  Horse,  immedi- 
ately after  its  division,  began  to  coagulate  in  five  minutes  and  a  few 
neamds,  while  a  portion  received  when  the  animal  became  feeble,  caked 
in  3|  minutts. 

In  Dr.  Leacock's  Thesis  *'  De  Hemorihacia,"  many  experiments  on 
ti-anslusion  are  related.    In  ons  of  these,  when  a  Dog  liad  been  repcatedly 

H 
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On  a  subject  which  obliges  me  to  oppose  my 
Experiments  to  those  of  a  Practitioner  whom  I 
highly  esteem,  it  is  proper  to  state,  that  the  inquiry 
was  commenced  without  prejudice ;  or,  if  I  had 
any  bias,  it  was  to  the  "  Observations"  of  Mr. 
Hey :  that  truth  alone  was  the  object  of  my  re- 
search, and,  that  by  far  the  greater  number  of  my 
experiments  were  conducted  in  the  presence  of 
competent  spectators,  whose  testimony  supports 
my  opinion.* 

Since  the  preceding  paragraph  was  written,  I 
have  had  the  opportunity  of  conferring  with  Mr. 
Hey  on  the  subject.  Being  informed  of  the  dif- 
ferent result  of  our  experiments,  he  repeatedly 
expressed  a  desire  for  our  jointly  re-examining 
the  point  in  dispute,  and  I  was  equally  willing  to 
accept  the  offer.  Mr.  Hey's  experiments  in  refer^ 
ence  to  the  comparative  periods  of  coagulation 
were  made  only  on  the  blood  of  sheep :  it  was 
determined  therefore,  that  to  these  animals,  our 


bled,  till  Ihe  greatest  degree  of  debility  was  induced,  the  author  remark- 
ed, that  the  Blond  coagulated  instantly  on  its  effusion ;  "  statim  coegit." 

•  Besides  the  assistance  of  several  friends  who  were  casually  present, 
almost  all  my  experiments  were  conducted  with  thn  assistance  of  my 
pupils,  Messrs.  Brearey  and  Corseilis,  whose  professional  knowledge 
prevented  their  being  deceived  in  the  results. 
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observations  should  be  confined.  He  had  also 
received  the  Blood  in  half  pint  glasses,  and  though 
I  did  not  conceive  this  mode  free  from  objection,* 
they  were  used  in  the  first  experiment. 

Present,  Mr.  Hey,  Mr.  Wm.  Hey,  three  of  their 
pupils,  and  one  of  my  own. 

Exp.  1. 

Blood  was  received  in  three  glasses,  the  periods 
of  coagulation  were  not  minutely  noted,  but  it 
was  universally  admitted  that  concretion  first  took 
place  in  the  last  received  blood,  and  latest  in  the  first, 

Exp.  2. 
Three  Cups  were  filled  with  Blood  issuing  from 
a  wounded  Sheep.  Here  also  the  periods  of 
receiving  the  Blood  were  not  remarked,  but  the 
interval  between  each  was  fully  half  a  minute; 
Mr.  Hey  observed,  that  the  first  concreted  at  the 
same  moment  with  the  third,  and  this  he  conceived 
in  some  measure,  to  support  his  opinion.  But  it 
was   remembered  that  a  minute  elapsed  between 


*  It  appears  requisite,  that  the  size  of  the  vessel  bear  a  relation  to  the 
quantity  of  Blood  in  the  subject  of  experiment.  If  tlie  animal  be  smaH, 
or  have  but  a  minor  portion  of  the  vital  energy,  there  will  be  danger  of 
the  Blood  at  the  bottom  of  a  large  glass,  assuming  the  concretory  change 
3»efore  the  vessel  is  full. 
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the  filling  of  the  two  Vessels^  and  that,  con- 
sequently, the  result  was  in  favour  of  coagulation's 
commencing  latest  in  the  first-received  Blood. 
It  was  also  remarked,  that  the  third  Vessel  did 
not  contain  the  Blood  of  an  Animal  in  the 
greatest  stage  of  reduction,  for  the  Sheep  lived 
more  than  a  minute  afterwards.  As  however 
Mr.  Hey  seemed  unwilling  to  admit  the  conclu- 
sion, a  third  Experiment  was  instituted,  and  the 
greatest  care  taken,  to  render  it's  result  accurate 

and  decisive. 

Exp.  3. 

Three  Cups  were  filled  at  the  interval  of  half  a 

minute.      One  of  Mr.  Hey's  Pupils  took  the  first, 

and  with  a  minute  Watch  in  his  hand,  accurately 

noticed  the  time  of  its  being  filled,  and  the  precise 

period  of  concretion.     Another  of  Mr.  H's  pupils 

took  the  second,  and  observed  the  coagulating 

process  with  the  same  attention;  and  Mr.  Wm. 

Hey,  took  the  third, 

m.     s. 
1st.  Cup  began  to  coagulate  in  2...  10 

2 1...45 

3  ' 0,..55 

The  result  was  too  conclusive  to  admit  of  doubt, 
and  Mr.  Hey  declined  any  repetition  of  the 
Experiment. 
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Nor  was  it  on  the  Blood  of  animals  alone,  that 
my  observations  were  made.  In  bleeding  the 
human  subject,  I  likewise  found  that  the  first 
flowing  blood  had  the  least  disposition  to  coagu- 
late. 

Exp.  XVIIl. 

From  the  arm  of  a  female  labouring  under  fever, 
Blood  was  drawn  to  the  amount  of  a  pound  and  a 
half;  a  portion  of  which  received  in  a  tea-cup  on  the 
first  effusion^  remained  fluid  for  seven  minutes ;  a 
similar  quantity  taken  immediately  before  tying 
up  the  arm,  was  caked  in  3  min.  30  sec. 

Exp.  XIX. 
A  man,  the  subject  of  incipient  enteritis,  lost 
about  a  pound  of  blood.   Of  two  portions  received 
as  in  the  preceding  experiment,  the^r^^  began  to 
coagulate  in  seven  minutes,  the  last  in  four. 

Exp.  XX. 

Blood  was  taken  from  the  arm  of  a  young 
man  labouring  under  an  hepatic  affection,  com- 
bined with  fever.  A  gentleman  standing  by,  was 
requested  accurately  to  mark  the  time,  at  which 
the  vessels  were  filled,  and  that  at  which  coagu- 
lation took  place.  On  subtracting  the  periods, 
the  result  was  as  follows : — 
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m.       *. 
In  the  4th.  Cup...  10...  5 

5 8.. .20 


In  the  1st.  Cup  ...12. ..25 

2 12...  0 

3 11. ..20 

The  vessels  were  three  and  four  oz.  Gallipots. 

So  regular  an  acceleration  of  concretory  process 
in  proportion  to  the  reduction  of  the  vital  powers,  is 
amatterof  surprise,  norcanitbeexpectedfrequently 
to  occur.  It  is  observable  that  the  former  periods 
approximate  much  more  than  the  latter,  and  it  is  pro- 
bable that  if  the  depletion  had  been  continued,  the 
sixth  cup  would  have  concreted  in  little  more  than 
five  minutes,  and  the  seventh,  in  two  or  three. 

Besides  these  observations,  many  more  might 
be  adduced,  if  it  were  necessary,  to  prove  that  a 
state  of  diminished  lone  is  most  favourable  to  the 
concretion  of  the  Blood,* 

A  tendency  to  deliquium  has  also  a  considera- 
ble effect.  When  concretion  has  been  noticed  to 
take  place  in  five  minutes,  the  occurrence  of  faint- 
ness,  I  have  remarked,  has  immediately  effected 
such  a  change  in  the  state  of  the  Blood,  as  to 
induce  this  process  in  two  minutes,  and  when 
ninety  seconds  were  required,  deliquium  has 
instantly  changed  the  period  to  40. 

*  Since  the  first  check  to  bleeding  is  given  by  the  formation  of  coa- 
gula  on  the  mouths  of  the  vessels,  we  should  find,  were  this  process  to 
take  pJace  in  the  inverse  order,  that  Uterine  Hemorrhages  would  almost 
always  prove  fatal.     Happily  however,  i\\{s  not  the  case. 


• 


Chap.  V. 

ON  THE  CAUSE  OF  THE  BLOOD'S  COAGU- 
LATION. 

X  HIS  is  an  inquiry,  which,  although  it  has  given 
rise  to  various  conjectures,  and  many  ill-founded 
hypotheses,  has  been  the  subject  of  philosophic 
research.  Hewson,  especially,  has  paid  particu- 
lar attention  to  this  interesting  study,  and  merits 
the  credit  of  having  prosecuted  the  investigation 
with  science  and  with  ardour. 

1.  Among  the  opinions  held  on  the  subject, 
some  have  believed,  that  the  fluidity  of  the  Blood 
is  preserved  by  the  heat  of  the  body,  and  its 
concretion  produced  by  its  removal  into  a  colder 
temperature.*  The  experiments  on  heat  and  cold, 
detailed  in  the  preceding  chapter,  and  the  re- 
marks to  which  they  gave  rise,  will  easily  confute 
an  idea  so  devoid  of  observation.  It  is  well 
known,  moreover,  that  Blood  may  be  frozen  and 
thawed  without  the  occurrence  of  coagulation. 

•  Hippocrates,  on  observing  the  victims  slaughtered  for  sacrifice, 
remarks, — orav  ff<pa^r)  tiq  ispeiov  rebjg  f.iBv  av  Srepjuov  rj,  vypov 
ttTTiv  TO  atfia  ,  sTTti^av  d£  t^v^i]  eirayri. — De  Carnihus. 
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And  in  animals  of  low  temperature,  as  the  Tor- 
toise, if  cold  produced  the  concretory  process,  no 
circulation  could  be  maintained. 

2.  The  Coagulation  of  the  Blood  has  been 
attributed  to  the  action  of  the  atmospheric  air. 
Hewson  having  included  a  portion  of  the  Jugular 
Vein  of  a  living  animal  between  ligatures,  admit- 
ted air  in  contact  with  the  confined  Blood,  and 
finding  concretion  to  occur  in  quarter  of  an  hour, 
he  inferred  air  to  be  a  strong  coagulant. 

The  experiment  I  attempted  to  repeat,  but 
found  a  difiiculty  in  effecting  it  with  success. 
Besides,  were  a  number  of  such  trials  accordant 
in  the  result  which  Hewson  states,  his  inference 
would  not  still  be  established  ;  since  other  cir- 
cumstances necessarily  interfere  with  the  effect; 
the  air  is  applied  to  the  vessels,  and  may  in  a 
greater  or  less  degree,  render  torpid  their  vital 
energy;  the  current  of  the  Blood  is  no  longer 
maintained,  and  if  his  conclusions  on  the  subject 
of  Rest  were  admitted,  the  loss  of  motion  would 
claim  a  considerable  share  in  that  result,  which  he 
here  attributes  to  the  action  of  the  atmospheric 
fluid.  As  these  subjects,  however,  will  be  discus- 
sed in  the  succeeding  sections,  I  proceed  to  state 


a  few  observations,  which  prima  faciey  support 
the  opinion  of  the  contact  of  air's  being  the  cause 
of  coagulation. 

(1.)  It  has  been  before  remarked,  that  the  Blood 
concretes  readily  in  proportion  to  the  surface  over 
which  it  is  spread ;  and  this  effect  might  naturally 
be  attributed  to  the  air,  to  which  it  is  so  freely 
exposed. 

(2.)  In  that  appeamnce,  which  is  termed  the 
buff-coat ;  it  has  been  noticed,  that  the  quantity  of 
size  is  greatest  when  the  Blood  has  flowed  in  a 
copious  stream ;  and  since  the  formation  of  this 
tunic  depends  on  the  slowness  of  coagulation's 
allowing  the  red  particles  to  subside,  it  seems 
probable,  that  the  free  admission  of  air  which  takes 
place  when  the  Blood  trickles  down  the  arm, 
induces  its  more  speedy  concretion.* 

Exp.  XXI. 

A  vial  was  filled  with  the  Blood  of  a  stuck 
sheep,  and  the  cork  immediately  applied. f  During 
the  day  it  remained  an  uniform  mass,  but  next 
morning  the  Serum  was  completely  exuded. 

"  See  the  last  chapter  in  loco. 

t  The  air  in  this  case  cOuld  not  have  been  wholly  excluded,  and  hence, 
if  even  concretion  had  taken  place  immediately,  the  result  woald  have 
been  indecisive 

I 
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Exp.  XXII. 

3.  Blood  was  received  from  the  heart  of  an 
ox,  dead  about  20  minutes.     It  was  fluid  ;  but  on 
exposure  to  the  air,  concreted  in  2  min.  25  sec. 
Exp.  XXIII. 

Fluid  Blood  was  taken  from  the  heart  of  an 
Ox,  dead  above  half  an  hour.  Coagalation  com- 
menced in  2  min.  30  sec. 

Such  observations  may  be  thought  to  support  the 
doctrine ;  but  the  two  last,  apparently  the  strongest 
in  its  favour,  may  be  proved,  on  reflection,  to  aid 
an  opposite  opinion.  Irefertothe  same  cause,  which 
renders  inconclusive,  Hewson's  experiment, — 
the  state  of  the  vital  energy.  If  (1)  and  (2)  be  con- 
sidered as  circumstantial  evidence,  other  observa- 
tions more  powerfully  deny  the  inference.  After 
death  the  Blood  is  found  coagulated  in  its  vessels. 
In  mortified  limbs,  coagulation  ,strong  coagulation, 
is  found  to  have  taken  place.*  In  these  and 
similar  cases,  there  could  be  no  direct  communi- 
cation with  the  atmosphere.  On  two  occasions, 
when  Morgagni  witnessed  air  contained  in  the 
blood-vessels  after  death,  there  was  mo  coagulation^ 
and  in  a  third,  but  very  slight  traces,  f 

*  Hnnter.       t  De  sed.  et  caus,  Morb.  Ep.  v.  and  xxxi. 


Experiraeht  will  place  the  subject  beyond  doubt. 

Exp.  XXIV. 
Air  was  forcibly  blown  from  the  human  lungs 

into  the  Jugular  Vein  of  a  Horse.  The  animal 
almost  instantly  expired :  but  the  Blood  flowing 
from  the  body,  though  it  contained  numerous  air- 
huhhleSf  did  not  coagulate. 

On  reflection,  however,  it  appeared  possible 
that  the  quantity  of  Carbonic  Acid  Gas  in  expired 
air,  might  affect  the  validity  of  the  conclusion. 
The  following  Experiment  was  therefore  instituted. 

Exp.  XXV. 

Into  the    external   Jugular  of  a   Bitch,   was 

injected  atmospheric  air  from  a  half-pint  syringe. 
The  Blood  after  death  flowed  from  the  Jugular 
Vein,  but  coagulated  on  its  efflision.  Fifteen 
minutes  afterwards,  the  Blood  in  the  vessels, 
though  fully  mixed  with  the  injected  air,  remained 
fluid. 

Exp.  XXVI. 
Blood  was  received  into  a  vessel,  the  extremi- 
ties of  which  were  closed  with  stop-cocks ;  and  to 
prevent  any  connection  with  the  atmosphere,  a 
jet  from  the  vein  of  the  animal,  was  allowed  to 
pass  through;  before  the  lower  end  was  secured  j 


QU  the  closure  of  the  upper  extremity,  the  vessel 
was  immersed  in  warm  water;  yet  in  a  quarter  of 
an  hour,  coagulation  took  place* 

Since,  therefore,  the  admission  of  air  fails  to 
induce  concretion  (XXIV.  and  XXV.)  and  its 
exclusion  to  prevent  it,  (XXVI.)  Experiment 
evinces  that  this  agent  is  not  the  cause  of  coagulation- 

S.  Rest  has  been  supposed  the  cause  of  this 
process.  To  ascertain  the  truth  of  this  opinion' 
Hewson  instituted  experiments  on  Blood  contained 
in  the  vessels  of  living  animals.  He  tied  the 
Jugular  Veins  of  Dogs,  and  leaving  the  vessels  in 
their  situation,  he  allowed  from  10  minutes  to  2i 
hours  to  elapse,  before  their  division.  The  Blood 
he  found  completely  fluid  on  remaining  10  minutes ; 
minute  coagula  after  15  minutes;  and  considerably 
larger  clots  at  the  expiration  of  two  hours.*  He 
admits,  however,  that  even  these  bore  but  a  very 
small  proportion  to  the  fluid  mass. 

Exp.  XXVII. 
Immediately  on  the  birth  of  a  living  child ^  I 

secured   part   of  the   Umbilical    Cord   between 

*  Crawford  also  mentions  an  experiment  performed  by  Dr.  Hamilton, 
jn  which  a  portion  of  Blood  was  contained  between  two  ligatures,  made 
on  the  Jugular  Vein  of  a  Cat.  In  an  hour,  partial  coagulation  had  taken 
place. — Exper.  and  Observ.  on  Animal  Heat. 
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ligatures,  and  placed  it  in  water  heated  to  100' 
- — 110".  At  the  end  oi  fifteen  minutes,  the  vein 
being  punctured,  its  contents  were  found  fluid,  and 
of  a  natural  consistence. 

Exp.  XXVIII. 

The  Experiment  repeated.  At  the  expiration 
of  ihirti/  five  minutes,  the  vessel  on  division,  was 
found  to  contain  considerable  coa^ula,  with  a  small 
quantity  of  thick  Blood. 

Exp.  XXIX. 
A  portion  of  the  Jugular  Vein  of  a  large  Dog 
was  included  between  two  ligatures,  and  detached 
from  its  cellular  connection.  The  integuments 
were  then  laid  over  the  wound  in  the  throat,  and 
the  animal  kept  still.  On  the  opening  of  the  vein, 
at  the  expiration  of  ten  minutes ,  no  coagulum 
could  be  observed. 

Exp.XXX. 

The  external  Jugular  Vein  of  a  Cat  was  secured 
with  two  ligatures.  The  portion  between  them 
contained  at  the  end  of  five  minutes.  Blood  per- 
fectly fluid.  The  opposite  Jugular  was  then  tied, 
and  here,  also,  no  marks  of  coagulation  were  per- 
ceived,  though  the  vessel   was   divided   at  the 
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expiration  oi  fifteen  minutes,  A  Carotid  of  the 
same  animal  was  next  secured;  and  after  five 
minutes,  punctured.     The  Blood  was  fluid* 

Exp.  XXXI. 
A  similar  experiment  was  made  on  the  Jugular 
Vein  of  a  Rabbit.      A  puncture  being  made  three 
quarters  of  an  hour  afterwards,  no  traces  of  coagu- 
lation were  perceived. 

Exp.  XXXII. 

The  experiment  repeated.     After  the  lapse  of 

three-quarters  of  an  hour,  the  insulated  vein  was 
cut  out.  Not  the  slightest  appearance  of  coaguturn 
could  be  discerned. 

Exp.  XXXIIl. 
Part  of  the  Jugular  Vein  of  a  Dog,  with  its 

contents,  was  included  between  ligatures,  removed 

from  the  body,  and  immersed  in  water  heated  to 

somewhat  below  100°.     On  puncturing  it  at  the 

expiration  of  an  hour,  the  minutest  coagula  tould 

not  he  seen, 

Exp.  XXXIV. 

A  similar  experiment ;  except  that  the  vessel 

was  not  immersed  in  water.  On  its  division,  at 
the  end  of  twenty  minutes,  the  Blood  W2iS  perfect^ 
fluid. 
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On  reviewing  these  Experiments,  we  find  that 
where  the  current  of  Blood  was  stopped  in  living 
vessels,  concretion  did  not  take  place  in  5,  10, 
15,  20,  45,  and  60  niinutes,*  while  the  recep- 
tion of  the  Blood  of  the  same  animals  in  the 
usual  manner,  evinced  this  process  to  commence 
in  2 — 4  minutes.  The  inference  is  obvious ; 
that  the  loss  of  motion  is  not  the  cause  of  coagulation. 
In  reference  to  the  Experiments  of  the  able  and 
ingenious  Hewson,  a  careful  perusal  of  his  remarks 
on  this  subject,  will  give  reason  to  believe  that  his 
opinion  vacillated  from  the  contradictory  appear- 
ances which  his  inquiries  produced ;  nor  do  I 
conceive,  had  they  been  uniform  and  constant, 
that  the  conclusions  would  have  been  satisfactory. 
From  my  Experiments,  it  may  be  conjectured, 
that  his  observation  of  minute  coagula  after  10  and 
1,5  min.  insulation  of  a  vein,  originated  in  some 
deception^ ;  and  the  clots  which  he  observed  at 


•The  Experiment  (XXVTII.)on  the  Umbilical  Cord  can  scarcely  be 
deemed  an  exception.  It  is  objectionable  from  the  Blood's  being  foetal, 
and  the  vessel's  probably  possessing  less  vitality  than  durable  veins. 

+  The  solid  specks,  which  he  noticed,  might  possibly  have  been  formed 
on  the  outer  coat  of  the  vessel,  and  washed  off  on  its  division  ;  or  if  this 
aupposition  be  rejected,  they  might  have  been  produced  after  the  expo- 
sure of  the  Blood.  An  observation  in  his  Work  affords  some  countenance 
to  the  latter  conjecture.    "  If  they  (i.  e.  the  Veini)  were  opened  at  the 


64 

later  periods,  may  be  accounted  for  on  other 
principles.*  Independent,  however,  of  these 
considerations,  Hewson's  statements  will  support 
the  conclusion  which  I  draw.  If  simple  Rest 
were  the  cause  of  coagulation,  this  agent  and  this 
only  would  be  requisite  ;  and  the  process  would 
occur  as  readily  when  the  Blood  is  at  rest  in  its 
vessels,  as  when  effused  from  the  body.  If  on 
bleeding  an  animal,  concretion  take  place  in  five 
minutes,  and  on  confining  Blood  in  its  vessels,  the 
change  commence  not  till  10,  the  mere  loss  of 
motion^  it  is  manijest,  cannot  be  the  cause  of  coa- 
gulation. 

Why  does  not  the  suspension  of  the  circulation 
in  Deliquium,  Drowning  &c.  induce  coagulation  ? 
Though  motion  is  lost,  fluidity  is  maintained,  and 
these  occurrences,  therefore  corroborate  the  nega- 
tive conclusion  which  the  preceding  observations 
induced. 


"  end  of  15  min.  at  firstjsiglit  it  [the  Blood]  also  appeared  qnite  fluid  :  bnt 
*'  on  a  careful  examination,  I  have  found  sometimes  1,  and  sometimes  2  or 
'*  3  small  particles,  about  the  size  of  a  pin's  head,  which  are  coagulated 
"  parts  of  the  Blood."  During  a  careful  examination,  it  is  not  improbable 
that  a  sufficient  time  might  elapse  for  the  commencement  of  concretion, 
since  after  the  inclosure  of  Blood  in  a  vien,  this  process  occurs  in  a  very 
short  period  after  its  effusion. 

*  See  Sect,  4th, 


^4.  Since  fact  and  experiment  so  strongly  militate 
against  the  supposition  of  either  Air  or  Rest, 
simply  considered,  effecting  the  Blood's  coagula- 
tion, we  now  examine  the  opinion  that  the  nervous 
influence  is  the  source  of  the  Blood's  fluidity ,  and  its 
loss  the  cause  of  coagulation.  The  nature  and  func- 
tions of  the  nervous  System,  however,  remaining 
but  very  imperfectly  developed,  we  are  seldom  able 
in  inquiries  immediately  connected  with  this  intri- 
cate subject,  to  afford  direct  and  forcible  proof. 
I  advert,  therefore,  in  the  first  place  to  pre- 
sumptive evidence. 

( 1 .)  In  the  preceding  examination  of  the  effects 
of  Rest,  the  veins  of  different  animals  were  insula- 
ted, and  it  was  found,  that,  although  the  loss  of 
motion  failed  to  produce  concretion,  yet  that  the 
Blood  acquired  an  increased  disposition  to  this 
change.*  In  such  circumstances,  however,  the 
vessels,  if  not  partially  dead,  were  at  least  so 
situated,  as  not  to  allow  the  free  admission  of  the 
nervous  influence.  On  the  supposition,  then,  of 
this  process  depending  on  the  loss  of  vitality  in 

•  Kellie  also  in  his  observations  on  the  Medical  Effects  of  Compression 
by  the  Tourniquet,  remarks  that  Blood  drawn  from  a  Vein  after  the 
circulation  has  been  for  some  time  mechanically  suspended,  coagulates 
sooner  than  Blood  taken  on  the  restoration  of  this  action. 

K 


the  Blood-vessels,  we  might  conclude,  that  conere- 
Hon  would  have  taken  place  in  a  few  minutes,  had 
the  receptacle  been  wholly  devoid  of  life  ;  but  from 
the  vessels  possessing  a  degree  of  vitality,  the 
Blood  did  not  speedily  nor  freely  coagulate.  Thai 
JRest  alon«,  cannot  give  even  a  disposition  to  con- 
cretion,  seems  evident  fi'om  the  remarks  on  that 
subject. 

(2.)  In  2  instances  (XXII.  and  XXIII.)  the 
Blood  was  found  fluid  in  the  hearts  of  oxen,  2G^ 
min.  and  half  an  hour  after  their  slaughter,  but 
coagulated  quickly  on  its  removal  from  these  ves* 
sels.  Vitality,  in  these  cases,  must  have  existed,, 
since  the  period  between  the  apparent  death  of 
the  animals,  and  the  examination  of  the  Blood, 
was  too  short  to  admit  of  the  extinction  of  the 
living*  principle  ;  and  the  circumstance  of  fluidity's 
heing  maintained  as  long  as  the  Blood  was  kept  in 
its  vital  receptacles^  and  eoapdations  shortly  occur- 
ring on  the  exposure  of  this  fluids  strongly  supports 
the  doctrine  under  examination. 

(3.)  In  the  Leech  which  has  died  soon  after 
suction,  the  Blood  is  found  concreted,  but  if  it  be 
retained  in  the  living  reptile,  I  have  found  no  trace 

*  See  galvanic  experiments,  on  the  Muscles  of  the  Ox,  Page  73. 
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ef  coagulation  at  the  end  of  an  hour.  It  is  pro- 
bable, therefore,  that  the  Blood's  fluidity  is  main- 
tained hy  the  life  of  its  receptacle, 

(4.)  In  most  of  the  eases  related  by  Mor- 
gagni,  in  which  the  Blood  after  death  remain- 
ed fluid,  or  but  partially  coagulated,  the  pa- 
tient had  died  suddenly  from  some  affection  of 
the  Brain  or  nervous  system.  In  such  circumstan- 
ces, it  is  known,  that  the  contraction  of  death  does 
not  occur,  the  muscles  remain  flaccid,  and  the 
temperature  of  the  body  is  long  maintained.  If 
these  effects  be  considered  as  originating  from 
life's  still  lingering  in  its  tenement,  we  see  cause 
on  the  theory  adduced  for  the  Blood's  tardiness 
in  coagulating. 

(5.)  On  this  subject  an  observation  of  Fontana's 
is  deserving  of  regard.  He  found,  that  although 
the  coagulation  of  the  Blood  out  of  the  body,  was 
not  affected  by  commixture  with  Viper's  poison, 
yet  that  this  substance,  when  injected  into  the 
veins  of  a  living  Rabbit,  produced  the  instant  coa~ 
gulation  of  the  circulating  fluids  and  the  speedy 
death  of  the  animal.  The  effect  here  stated,  could 
arise,  I  conceive,  only  from  the  shock  given  to  the 
living  principle  resident  in  the  heart  and  its  ves- 
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sels;  and  since  the  preceding  remark  of  Fon- 
tana's  proves  the  simple  mixture  of  the  poison 
with  the  Blood  to  have  no  effect  on  the  coagu- 
lating process,  we  must  conclude,  that  the  sudden 
deslruction  of  the  nervous  influence  induced  instan- 
ianeous  concretion. 

(6.)  I  have  proved  by  repeated  experiments, 
that  coagulation  occurs  speedily  in  proportion  to 
the  debility  of  the  system.  If  debility  affect  prima- 
ry, and  principally  the  organs  of  sensorial  power, 
or  (to  speak,  perhaps,  more  properly)  if  these 
organs  first  lose  their  excitability,  we  remark,  as 
a  collateral  support  to  the  theory  adduced,  that  in 
proportion  as  the  nervous  influence  languishes  or  dies, 
the  Blood  assumes  a  stronger  disposition  to  coagulate^ 

The  faintness  which  occasionally  ensues  on 
venesection,  has  a  similar  and  marked  effect  :* 
this  occurrence,  if  I  mistake  not,  can  arise  only 
from  the  suspension  of  that  supply  which  the  vessels 
receive  from  the  nervous  system,  and  the  consequently 
increased  disposition  of  the  Blood  to  concrete. 

After  thus  stating  the  circumstances  which 
afford  plausible  grounds  for  the  admission  of 
the  Doctrine,  I  proceed  to  more  decisive  evidence. 

*  See  page  54. 


Mr.  Astley  Cooper,  to  induce  me  to  the  ex* 
vaniination  of  a  subject,  in  which,  from  its  intricacy, 

1  despaired  of  success,  kindly  favoured  me  with 

an  account  of  three  experiments  which  he  had 
anade  some    years  ago  :    but   as  the  statement 

was  merely  verbal,  I  doubt  the  complete  accu- 
racy  of  my   details.     The  import,   however,    I 

believe  to  have  been  as  follows. 

Exp.  1. 
Mr.  C.  received  Blood  free  from  atmospheric 
admixture  into  the  Ureter  of  an  Ox,  which  had 
been  killed  some  time  before;  coagulation  took 
])lace  in  ten  minutes. 

Exp.  2. 

Lest  the  Ureter  might  be  an  objectionable  ves- 
sel, he  next  tied  the  Jugular  Vein  of  a  living 
animal  with  two  ligatures,  the  insulated  portion 
.of  the  vessel  remaining  in  its  situation.  The 
Blood  between  the  Ligatures  had  not  coagulated  at 
the  end  of  ten  minutes. 

Exp.  3. 

A  portion  of  the.  Jugular  Vein  of  a  living  ani- 
mal was  included  between  two  ligatures,  and  then 
detached  at  its  lower   extremity.     At  the  expira- 
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tion  of  four  hours,  Blood  was  allowed  to  enter ; 
and  having  been  secured  in  this  lifeless  vessel,  was 
found  to  have  coagulated  in  ten  minutes^ 

These  experiments  of  Mr.  Cooper,  therefore, 
favour  the  opinion  of  the  loss  of  the  nervous 
influence  being  the  cause  of  the  Blood's  coagu- 
lation. To  ascertain  what  effect  the  vital,  or 
lifeless  state  of  the  Vessel  has  upon  the  Blood's 
coagulation,  I  made  the  following  experiments. 

Exp.  XXXIV. 
A  portion  of  the  Jugular  Vein  of  a  living  Dog, 
was  included  between  two  ligatures,  removed 
from  the  body,  and  immersed  in  water  heated 
to  98°.  At  the  expiration  of  an  hour  the  Blood 
which  it  contained  was  found  fluid. 

Exp.  XXXV. 
To  a  long  portion  of  the  Jugular  Vein  of  a  Dog, 

killed  two  days  before,  were  affixed,  brass  stop- 
cocks, and  the  whole  immersed  for  a  short  time  in 
water  heated  to  90° — 100°.  The  external  Jugular 
of  a  living  Dog,  was  then  laid  bare,  and  after  its 
puncture,  one  stop-cock  was  inserted  into  the 
opening.  A  small  current  of  Blood  having  been 
allowed  to  pass  through  the  lifeless  vessel,  in 
order  to  preclude  the  possibility  of  its  containing 
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any  thing  but  the  subject  of  experiment,  the  lower 
stop-cock  was  turned,  and  shortly  after,  the  upper. 
The  vessel,  with  its  contents,  was  then  immersed 
in  the  heated  water,  the  temperature  of  which  was 
maintained  for  a  quarter  of  an  hour.  At  the  end  of 
this  period,  the  vessel  being  taken  out  and  punc- 
tured, or  rather  cut,  over  a  white  plate,  the 
Blood  was  found  firmly  coagulated. 

These  experiments  evidently  lead  to  the  same 
conclusion  as  those  of  Mr.  Cooper.  Blood  con- 
fined in  a  vessel,  which,  from  the  time,  vitality  could 
not  have  deserted,  did  not  coagulate  in  an  hour ; 
while  that  inclosed  in  a  lifeless  vein,  was  firmly 
concreted  in  one-fourth  of  that  period. 

Two  experiments  of  different  character  will  now 
be  stated :  but  it  is  proper  to  remark,  that  they 
were  made  on  the  supposition,  that  a  part  of  an 
animal  killed  by  violence  retains  its  vitality  for 
the  space  of  about  four  hours,  a  fact  of  which  I  was 
assured  on  the  most  respectable  authority. 
Exp.  XXXVI.* 

A  considerable  portion  of  the  Jugular  Vein  of 
a  Dog,  was  detached  from  the  surrounding  parts ; 

•  In  this,  and  the  preceding  experiment,  the  mode  of  operation  is 
minutely  detailed  ;  that  should  there  exist  any  deception  or  impropriety^ 
it  may  not  pass  unnoticed. 
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a  slip-ligature  affixed  to  the  upper  extremity,  and 
on  the  emptying  of  the  vein,  a  firm  one  tied  rouiid 
the  lower.  The  integuments,  were  then  brought 
over  the  wound,  secured  with  a  suture,  and  sup-, 
ported  with  a  handkerchief,  bound  round  the 
animal's  neck.  He  was  then  set  at  liberty, 
appearing  in  no  respect  affected  by ^he  operation. 
Four  hours  and-a  half  afterwards)  th^^Ound  was 
re-opened,  the  slip-knot  loosed,  and  the  Blood 
allowed  to  enter  the  vessel.  Immediately  on  its 
being  filled,  a  firm  cord  secured  the  upper  extre- 
mity, which  had  been  before  tied  with  a  slip  one. 
At  the  end  of  ten  minutes,  the  insulated  vessel  was 
cut  out  and  punctured,  ftwrwof  the  least  trace  of 
coagulation  could  he  perceived. 

Exp.  XXXVII. 
A  portion  of  the  Jugular  Vein  of  a  Sheep,  killed 

an   hour  before,   received    Blood    from    another 

Sheep ;  the  influence  of  other  agents  being  excluded 

by  the   same  means  as    those  used  in  XXXV. 

After  remaining  in  the  temperature  of  the  animal 

for  half  an  hour  the  vessel  was  cut,  and  a  firm 

coagulwn  found. 

If  the  doctrine  of  vitality's  continuing  for  four 

hours  in  a  part  separated  from  a  living  animal 
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were  correct,  the  vein  in  the  last  experiment 
was  alive,  and  yet  concretion  took  place :  conse- 
quently, the  loss  of  vitality  in  the  vessel,  was  not  the 
cause  of  coagulation.  In  regard  to  XXXVI.  like- 
wise, if  death  necessarily  occurred  at  the  expi- 
ration of  four  hours  after  the  insulation  of  the  vein* 
the  Blood  should  have  lost  its  fluidity  as  readily 
as  if  received  into  any  other  close  vessel ;  yet  no 
coagulation  could  be  observed. 

The  obscurity  involving  the  subject,  caused  me 
much  perplexing  thought,  till  I  reflected,  that  the 
statement  in  reference  to  the  period  of  death  might 
be  incorrect,  and  that  the  ambiguity  would  be  pro- 
bably resolved,  if  this  process  were  proved  to  take 
place  at  different  times,  in  different  animals. 

To  ascertain  whether  or  no  four  hours  be  requi- 
site for  the  loss  of  irritability  in  slaughtered 
animals,  I  procured  a  small  Galvanic  battery,  and 
having  taken  a  portion  of  muscle  from  the  neck  of 
a  Dog,  recently  killed,  I  subjected  it  to  the  influ- 
ence of  the  Aura,  at  intervals,  for  the  space  of  2^ 
hours.  The  contractions  were  strong  at  first, 
but  became  gradually  weaker  till  the  expiration 
of  that  period,  wheu  no  motion,  could  be 
produced. 
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In  another  D"Og,  three  hours  were  necessary 
for  the  extinction  of  irritabihty,  after  apparent 
death;  and  in  a  third,  no  contraction  took  place 
at  the  end  of  two.  Three  portions  of  muscle  were 
taken  from  a  slaughtered  Ox ;  and  of  these  one 
ceased  to  contract  at  the  end  of  2  hours,  another  at 
about  3,  but  the  third  was  slightly  affected  by  the 
galvanic  stimulus,  at  the  expiration  even  of6l  hours. 

These  experiments  fully  warrant  the  conclusion^ 
that  irritability  is  lost  at  different  times  after  the 
apparent  death  of  different  animals ;  nay,  the  last 
evinces  it  to  cease  at  different  periods,  in  different 
muscles  of  the  same  animal.*  If,  then,  one  of  the 
most  striking  properties  of  life  be  so  inconstant  in 
its  abode  and  departure,  may  we  not  infer,  that  to 
the  agency  and  extinction  of  vitality  in  general  no 
definite  period  can  he  affixed.  What  may  be  deemed 
the  test  of  life?  If  the  effects  of  the  galvanic 
stimulus  be  any  criterion,  I  conclude,  from  the 
preceding  experiments,  that  the  death  of  parts 
separated  from  living  animals,  occurs  at  various  and 
incalculable  periods. 


*The  last  strong  contraction  of  Muscle,  marks  the  departure  of  life, 
independent  of  tbat  evidence  which  the  effects  of  the  Galvanic  Aura 
exhibit. 


The  mode,  therefore,  of  ascertaining  the  influ- 
ence of  vitality  on  the  coagulating  process,  is  by 
comparing  the  effects  of  vessels  undoubtedly  alive 
or  unequivocally  dead,  on  the  Blood  w^hich  they 
contain.  With  this  intention,  the  follovdng  expe- 
riments were  made, 

Exp.  XXXVIIL 

A  portion  of  the  Jugular  Vein  of  a  Dog  was  in- 
cluded between  ligatures,  removed  from  the  body, 
and  placed  on  the  table.  On  its  division,  at  the 
end  of  twenty  minutes,  the  Blood  was  found  fluid. 

The  character  and  result  of  this  experiment, 
resemble  those  of  many  others,  several  of  which 
have  been  already  detailed,  (XXIX  to  XXXIV.) 
Suffice  it,  therefore,  to  remark,  that  except  in  one 
instance*,  I  never  knew  Blood  to  coagulate  in  a 
vessel   recently  insulated   or  recently   removed 

•  Exp. — A  portion  of  Vein,  included  "between  ligatures,  was  taken 
from  the  neck  of  a  Dog,  and  inimeised  in  water  of  the  temperature  of 
the  animal,  at  the  end  &f  half  an  hour,  the  Blood  was  found  partially 
coagulated. 

From  what  fortuitous  circumstance  this  exception  arose,  I  am  at  a  loss 
to  conjecture,  unless  on  the  supposition  of  vitality's  having  ceased  or 
declined,  sooner  than  usual.  My  experiments  on  irritability  (Pages 
73  &  74,)  render  the  supposition  plausible. 

ExP. — The  next  morning  the  other  Jugular  of  the  same  animal  was 
treated  in  a  similar  manner.  At  the  end  of  half  an  hour  the  Blood  wae 
found  wholly  fluid. 
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fiom  a  living  animal;  and  from  frequent  examina- 
tion, I  feel  confident,  that  the  Blood  in  such  cir- 
cumstances, will  be  found  to  retain  its  fluidity,  till 
the  expiration  of,  at  least,  half  an  hour. 

Some  observations  on  Blood,  confined  in  lifeless 
vessels,  will  now  be  stated. 

Exp.  XXXIX. 

The  Iliac  Vein  of  a  Dog,  hilled  three  or  four 
days  before,  was  armed  with  stop-cocks,  and  re^ 
ceived  Blood  from  the  Brachial  Vein  of  a  Man,* 
in  the  mode  of  Exp.  XXXV.  On  examination, 
at  the  expiration  of  a  quarter  of  an  hour^  concre- 
tion was  found  to  be  complete, 

Exp.  XL. 

A  portion  of  the  Jugular  Vein  of  a  Sheep  killed 
four  days  before,  received  Blood  from  a  similar 
Vessel  in  a  living  Sheep,  in  the  mode  of  XXXV. 
At  the  end  of  a  quarter  of  an  hour,  complete  concre- 
tion was  found  to  have  taken  place. 

These  Experiments,  when  compared  with 
XXXVIII.  and  XXXIV,  strongly   support  the 


*  From  the  observations  in  the  3rd  chapter,  it  is  improbable,  that  any 
fallacy  should  arise  from  use  of  Blood  from  different  animals,  particu- 
larly when  they  are  of  the  same  class. — Any  objection,  however,  of  this 
nature,  the  succeeding  Experiments  will  remove. 
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Doctrine  of  the  Blood's  fluidity  depend  in '^  on  the 
life  of  its  vessels.  But  to  make  the  contrast  more 
marked  and  decisive,  the  following  Experiments 
were  made. 

Exp.  XLI. 

Part  of  the  external  Jugular  of  a  small  Dog 
was  secured  with  Ligatures,  and  removed  from 
the  body.  After  remaining  in  the  temperature  of 
about  100",  for  half  an  hour,  it  was  punctured. 
The  Blood  was  found  perfeclly  fluid.  A  portion  of 
the  Vena  Cava  was  removed,  and  reserved  for  the 
next  day's  comparative  Experiment. 
Exp.  XLIT. 

Fifteen  hours  and  a  half  after  the  preceding- 
Experiment,  the  Cava  taken  from  the  animal  then 
employed,  was  filled  with  Blood  (as  in  XXXV.) 
from  the  Jugular  of  a  similar  Dog.  On  the  divi- 
vision  of  the  vessel  at  the  expiration  of  a  quarter 
of  an  hour^  complete  concretion  had  occurred. 

Thus  we  remark,  that,  for  an  half  an  hour,  Blood 
remained  fluid  in  a  vein  recently  removed,  while 
in  the  lifeless  vein  of  the  same  animal,  it  was  found 
firmly  concreted  in  fifteen  minutes.  To  what 
shall  we  attribute  this  striking  fact,  if  not  to  the 
loss  of  the  vessel's  vitality  ? 
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On  reflecting  on  the  Experiments  of  this  section, 
it  occurred  to  me,  that  the  brass  cocks  connected 
with  the  lifeless  veins,  might  afford  matter  of 
objection.  To  ascertain  whether  they  had  any 
share  in  inducing  coagulation, 

Exp.  XLIII. 
A  length  of  the  Aorta  of  a  Dog,  killed  the  day 
before,  received  the  contents  of  the  Carotid  of  a 
similar,  but  living  animal.  The  elasticity  of  the 
Aorta,  allowing  the  admission  of  the  divided 
Carotid,  no  extraneous  apparatus  was  required. 
Preventing,  therefore,  with  my  finger,  the  admis- 
sion of  air,  and  one  of  my  pupils  pressing  the 
lower  end  of  the  Aorta,  this  vessel  was  quickly 
filled.  My  assistant  was  then  directed  to  squeeze 
down  the  Blood  so  as  to  empty  the  vessel ;  care 
being  taken  to  exclude  the  Air.  The  Aorta  was 
then  re-filled,  and  ligatures  being  applied,  was 
immersed  in  water,  of  the  temperature  of  100°. 
Aiter  2i  quarter  of  an  hour  had  elapsed,  it  was 
divided,  and  complete  concretion  found  to  have 
taken*  place. 

"Another  Exp.  which  was  made,  with  reference  to  this  subject,  pro- 
duced a  similar  result,  but  as  the  manner  of  conducting  it  was  not  se 
completely  satisfactory  as  that  here  recorded,  the  detail  is  omitted. 
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It  is  apparent  therefore,  that  the  same  result 
takes  place  when  stop-cocks,  are  not  employed. 

After  the  preceding  illustrations  of  the  opposite 
effects  which  the  life  and  death  of  the  vessels 
produce  on  the  Blood,  a  specimen  succeeds  of 
that  intermediate  state  in  which  it  is  probable 
vitality  is  but  partially  existent. 

Exp.  XLIV. 

A  portion  of  the  external  Jugular  was  taken 
from  a  Sheep,  two  hours  and  a  half  after  it  had 
been  slaughtered.  This  vessel  was  filled  with 
Blood  (as  in  XXXV.)  from  a  corresponding  vein 
in  a  living  Sheep.  After  having  been  kept  in  the 
temperature  of  the  animal  for  a  quarter  of  an  hour 
it  was  punctured.  Though  most  of  the  Blood  was 
fluid,  one  considerable  coagulmn  was  foiind.^ 

The  inference  drawn  from  the  observations  of 
this  section,  is  obvious.  Experiments,  in  which  the 
greatest  attention  was  paid  to  accuracy  in  execu- 
tion, and  honesty  in  detail,  have  shewn  that  Blood 
retained  for  the  requisite  period,  is  found  fluid  in 
a  living  vessel,  partially,  or  irregularly  coagulated 

"  In  Experiments  where  the  vitality  of  the  vessel  is  dubious,  the  state 
of  the  Blood  will  also  be  duhioiis  or  irregular.  In  some  cases,  it  may  be 
found  perfectly  uatuial,  in  others  gramouS;  and  in  some  coagulated. 


in  a  semi-living  vessel,  and  firmly  concreted  in 
one  devoid  of  vitality.  I  conclude,  therefore, 
that  the  vital  or  nervous  influencej  is  the  source  of 
the  Blood's  jluidity, — and  its  loss,  the  cause  of 
coagidalion. 


Chap.  VI. 
CHANGES  PRODUCED  BY  DISEASE. 

JL  HE  Phenomena  of  Blood,  as  observed  in  a 
state  of  health,  having  been  detailed  in  the  pre- 
ceeding  chapters,  a  contrast  must  now  be  exhibited 
between  these  Phenomena  and  those  which 
Disease  induces.  In  a  general  morbid  condition 
of  the  system,  all  the  organs  are  affected ;  the 
circulation  is  frequently  most  disordered,  and  the 
Blood,  in  consequence,  assumes  a  character  dissi- 
milar to  that  of  health.  The  appearances  of  this 
fluid  as  connected  with  a  morbid  state,  have  long 
attracted  the  notice  of  professional  men ;  and 
though  frequently  productive  of  error  from  the 
neglect  of  due  observation,  or  the  indulgence  of 
fanciful  hypotheses,  have,  nevertheless,  proved  to 
the  intelligent  and  thoughtful  practitioner,  an 
assistant  to  his  judgment,  and  a  guide  to  succesful 
practice.  I  am  not  ignorant,  how^ever,  of  the 
glowing  language  of  De  Haen,*  nor  of  the  decision 

"  "Inversa  itidem,  mutata,  confusa,  omnia  lieec  phaenomena,  sspinsk 
vidimus."  After  a  recapitulation  of  his  Experiments  and  observations, 
(chiefly,  however,  in  reference  to  the  BufF-coatj  he  concludes.  "  Qua  si 
itase  habenfjquisinflamationem  abxentem  prsesentemve,  quis  humorum 
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tie  formed  from  repreated  experiment.  Conscious, 
like  him,  that  the  appearance  of  the  Blood  is  often 
fallacious,  I  would  by  no  means  consider  it,  even 
with  the  most  carefiil  observation,  a  certain  crite- 
rion. But  I  would  ask,  of  the  symptoms  which 
direct  our  treatment  of  disease,  which  is  not  falla- 
cious ?  Is  not  the  pnlse  very  deceptive,  is  it  not, 
as  Celsus  terms  it,  "  res  fallacissima  ?"  Bo 
we  never  find  the  sensation  of  pain  an  uncer- 
tain guide  to  the  seat  af  the  malady  ?  Or  are  we 
always  able,  from  its  indication,  to  ascertain  the 
nature  of  the  morbid  action?  Is  not  the  tongue 
in  some  dangerous  affections  clean  as  in  health  ? 
Are  not,  in  short,  almost  all  the  phenomena  which 
mark  the  character  and  degree  of  disease,  falla- 

aut  coagulum  aut  dissolutionem,  ex  solo  sanguine  determinare  ansit  ? 
iitique  is  in  eodem  homine  alia  V.S.  ab  alia  toto  caclo  differat ;  si  in  eatlem 
V.  S.  adeo  oppositissima  sint  phenomena  ;  quis  inde  de  natura  liumo^ 
rum  aut  possit,  aut  ausit,  judicium  ferre."    Pathol,  m  Rat.  Medeudi. 

On  this  subject  however  I  am  happy  in  concurring  with  the  judicious 
remarks  of  Mr.  Hey,  who  after  stating  that  he  believes  the  appearances 
of  the  Blood,  "  give  so  much  information  as  to  merit  our  attention, 
answers  the  objection  which  arises  from  the  supposed  opposition  to 
other  symptoms,  which  these  appearances  occasionally  assume.  "  Tn 
order  to  direct  successfully  our  attempt,  to  remove  diseases,  every  symp- 
tom must  be  attended  to,  and  the  method  of  cure  must  be  guided  by  the 
indication  taken  from  the  assemblage  of  them  all.  An  attention  to  all 
the  animal  functions  is  of  importance,  though  considered  singly,  they 
may  communicate  very  little  knowledge  of  a  disease,  or  may  even 
mislead  us." 


Gious  when  individually  relied  on?    If,  then,  our 
practice,  be  only  correct  and  scientific,  when  we 
are  guided,  by  the  general  assemblage  of  symp- 
toms, it  will  not  be  considered  useless,  to  attempt 
the  addition  of  a  diagnostic  mark,  or  practical 
direction,  even  though  this  mark  or  direction  be 
liable  to  error.     It  should  be  remembered,  more- 
over, that  De  Haen,  like  Heberden  and  other  emi- 
nent men  who  have  imbibed  similar  opinions,  had 
a  principal  reference  in  his  observations  to  the  Buff- 
coat,  a  critei'ion  of  all  others  the  most  fallacious.*; 
The  following  observations,  with  the  reports  of 
others  who  have  been  usefully  employed  on  thej 
4same  subject,  will  convince  the  unprejudiced  mind, 
that  pathological  information  may  be  frequently 
drawn  from  the  appearances  of  the  Blood,  the 
treatment  of  disease  elucidated,  and  the  requisite 
energy  of  theremedies  indicated,  with  considerable 
precision.    Examining,  therefore,  the  peculiarities, 
whether  practical  or  curious,  which  characterize 
morbid  Blood,  the  attention  is  first  engaged  with, 

•  If  one  test  prove  fallacious,  it  should  not  be  concluded  that  all  are 
deceptive,  nor  even  from  the  occasional  error  of  any  test,  sliould  we 
jnfer  its  complete  inutility.  As  Gaubius  has  justly  remarked, "  Kegulas 
generales  exceptionibus  non  toll),  nee  adeo  ordinarias  naturas  in  sanis 
jpgrisve  leges  fortiiita  quavis  aberratione  infirmari."     Instit.  Pathol. 
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1.  The  Quantity  of  this  fluid. 

On  this  subject,  however,  we  have  no  means  of 
gaining  accurate  information.  But  it  seems  pro- 
bable that  the  bulk  of  the  Blood  is  considerably 
diminished,  in  some  chronic  complaints,  from  the 
secretions  much  exceeding  the  ingesta :  while  in 
acute  diseases,  though  the  stomach  takes  no  suste- 
nance, yet  the  great  diminution  of  the  secretion 
prevents  such  decrease  in  the  circulating  mass. 

In  proportion  to  the  deprivation  of  food,  the 
quantity  of  Blood  is  believed  to  be  lessened,  and 
where  abstinence  is  carried  to  tlie  last  extremity, 
the  vessels  after  death  are  found  nearly  empty.* 

A  full  or  a  small,  a  hard  or  a  soft  pulse,  might 
be  considered  as  indicating  the  quantity  of  the 

*  Diemerluoek  relates  two  such  cas^s ; 

"  Quod  autem  in  tali  casu  valde  pauciis  sanguis  siipersit,  illud  anno  1G56 
tnense  Novembri,  in  Theatio  anatomico  publice  a  nobis  obseivatum  et 
demonstratnm  est,  in  viro,  qui  ob  cordoliuni  aliqiiod  vitas  pertaesus,  sc 
ipsnm  fame  et  siti  txtinxerat:  qitippe  corpore  aiioqui  sanus  existens 
aliquot  septimanis  nihil  onmino  edeie,  ac  ne  guttani  quidera  bibere 
Toliierat,  In  hoc  subjecto  nullaa  vciije  meseraia?,  inlercostales,  aliaeque 
minores  conspiei  poterant,  piopterea  qiiod  iiianitae  essent,  atqiie  ex  ipsa 
vena  cava  vix  tiinm  coclilcariuni  sanguinis  niensuia  effluxit,  et  arteiia 
magna  omnino  vacua  inventa  fuit.  himilittr,  anno  ICCO,  niense  etiam 
Novembri,  hominen  ruendam,  ob  summam  I't  diuturnam  inapetentiam 
ionga  inedia  emant-iatum,  et  tandem  niortuum,  in  eodem  theatre  nostro 
publice  prosecuimus  ,  neoque  venas  et  arteriasmirabiliter  inanitas  inve- 
nimns,  ita  ut  ex  vena  cava  vix  duo  cochlearea  sanguinis  effluerent,  ex 
arteria  aorta  nihil."    Opera. 
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circulating  fluid,  were  we  not  aware  that  the  sen- 
sation denominated  pulse,  is  produced  by  pressure 
on  the  vessels,  and  its  varieties  by  the  state  of  these 
vessels,  rather  than  of  the  Blood  which  they 
convey. 

2.  The  Colour  of  the  Blood  is  observed  to 
be  changed  in  some  diseases.  Long-continued 
hemorrhages  render  it  much  more  pale  ;  and  fre- 
quently-repeated bleeding  has  a  similar  effect; 
this  arising  from  the  red  particles  being  of  less 
easy  reparation  than  the  other  constituents.* 

Amenorrhcea,  it  is  said,  makes  the  Blood  more 
pallid;  but  this  circumstance  I  have  never  ob- 
served on  performing  venesection  in  such  cases. 

On  some  occasions,  a  peculiar  ruddiness  is 
remarked ;  the  stream  from  the  arm,  instead  of 
purple,  being  of  a  dirty  red.  This  I  chiefly  found  in 
robust  and  muscular  men.     1  have  never  noticed, 

•  "  AtqHeiutertlum  sanguis  profluit,int€rdum  simile  aquae  qulddam, 
in  qua  earo  recens  lota  est. — Cels.  Lib.  iv. 

A  case   of  long-continn«d  hemorrhage  is  related  in  the  Edin.  Med. 

Essays,  and  referred  to  by  Mr.  Hey,  in  which  the  Blood  had  a  similar 
appearance. 

"  Purpura  sanguinis  justo  pallidior,  loturae  carnium  similis  ex  defectu 
nascitur  matriae  rubrae." — Gaubii  Pathol. 

In  a  case  ofjPurpura  Haemorrhagica,  Dr.  Whiting  found  the  red  Parti- 
cles to  be  in  the  proportion  only  of  40  to  1000,  while  the  healthy  ratie  he 

states  al  « Voo¥'.  —  Thesis  de  Sang:  Mgr. 


however,  any  variety  in  the  coagulation  or  other 
property  of  ruddy  blood. 

Hunter,  states  that  he  has  often  seen  the  stream 
frojn  venesection  to  be  of  a  florid  hue ;  but  it  does 
not  appear  that  this  variety  was  connected  with 
any  peculiarly  morbid  affection  of  the  system. 
Lately,  in  bleeding  a  youth  in  small-pox,  I  re- 
marked the  Blood  of  the  Cephalic  Vein  to  have 
as  scarlet  an  aspect  as  that  from  an  Artery. 

Old  authors  often  notice  the  black  or  livid 
appearance  of  the  Blood  in  malignant  Fevers. 
Though  the  colour  of  this  fluid  exposed  to  the 
air,  so  much  depends  on  its  degree  of  oxygeniza- 
tion,*  as  seldom  to  afford  an  index  to  the  nature 
of  the  malady  or  its  appropriate  treatment ;  yet  it 
may  be  remarked,  that  the  light  hue  is  chiefly 
observed  on  the  surface  of  the  Blood  taken  in 
the  sthenic  state.  The  cause  is  apparent  on 
reflecting,  that  in  this  condition  of  the  system, 
coagulation  does  not  speedily  occur,  and  hence 
the  Blood  is  longer  exposed  to  the  influence  of  the 
Oxygen  of  the  atmosphere.f 

"  Crawford  has  shewn  that  temperature  has  also  a  considerable  effect 
on  the  colour,  the  shade  of  Venous  Blood  being  deepened  by  cold,  and 
hfiightened  by  heat. — Experiments  on  A7iimal  Heat, 

t  The  serum  prevents  the  action  of  the  air  on  the  coagulnm,  and  conse- 
quently when  it  is  quickly  effused,  the  crassameiitum  has  less  of  the 
scarlet  hue. 
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5.  The  Temperature  of  the  Blood  has  been 
known  tobe  materially  altered.  In  febrile  diseases, 
the  heat  of  the  Blood,  as  well  as  that  of  the  body, 
is  sometimes  augmented  several  degrees; J  while, 
on  the  contrary,  in  some  affections,  the  Blood,  as 
it  flowed  from  the  vein,  has  produced  a  marked 
sensation  of  cold.  Of  this  curious  circumstance, 
Morgagni  has  recorded  several  instances,  in  one 
of  which,  the  patient  compared  the  feeling,  pro- 
duced by  the  stream  on  the  arm,  to  that  of  ice. 
In  most  of  these  cases,  there  existed  some  aiFec- 
tion  of  the  nervous  system.  Mediavia,  as  quoted 
by  De  Haen,  states  the  circumstance  of  a  woman, 
whose  Blood,  from  the  testimony  of  her  surgeon, 
was  quite  cold  as  it  flowed  from  the  vein.  The  Ca- 
tamenia,  likewise,  was  always  attended  with  asimi- 
lar  sensation.  The  patient  laboured  under  what 
Mediavia  terms  "  suppressio  ac  suflbcatio  pul- 
guum."  A  like  phenomenon  presented  itself  in 
September,  1818.  On  bleeding  a  pregnant  female, 
the  stream  during  the  whole  period  of  its  continu- 
ance produced  a  chilly  feel  both  on  my  linger  and 
the  patient's  arm.  Having  no  thermometer  at 
hand,  I  could  not  accurately  note  the  degree  of 

*  Currie  on  tlie  Cold  Affusion. 


cold  ;  but  the  temperature  iia^rked  by  a  stream  of 
water,  which  produced  a  similar  sensation,  was 
68".  The  case  was  attended  with  no  remarkable 
symptoms,  the  patient  suffering  only  from  head- 
ache, and  the  ailments  common  to  her  condition. 

4.  The  spiEciFic  Gravity  of  morbid  Bloob 
differs  from  that  of  the  healthy  fluid.  Dr.  Whiting 
found  it  less  than  the  standard  in  seven  cases  which 
he  examined.  These  appear  to  have  been  all  of  the 
acute  character,  though  the  patients  differed  in  age 
and  constitution.  The  lowest  specific  gravity  he 
states  to  have  been  1041-8.  In  five  of  six  instan- 
ces, which  afforded  me  the  opi)ortunity  of  exa- 
mining this  subject,  the  results,  though  similar  in 
nature  to  those  he  has  recorded,  were  very  differ- 
ent in  degree : — 

(1.)  10220  (4.)  1037-3 

(2.)  10291  (5.)  1037-4 

(3.)  1044-7 

In  a  6th  case,  the  subject  a  Maniac,  it  was  as 
high  as  1095-7.  With  this  exception,  however, 
the  inquiry,  as  far  as  it  has  been  prosecuted,  leads 
to  the  conclusion,  that  disease  diminishes  the  specific 
gravity  of  the  Blood;  but  since  the  diminution  has 
not  been  proved  to  have  relation  to  the  degree  or 
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t^liaifacter  of  the  morbid  action,  no  practical  direc- 
tion can  be  drawn  from  our  statements. 

5.  The  Coagulation  is  much  affected  by  a 
morbid  state.  In  chap.  IV.  page  47,  the  fact 
of  the  Blood's  speedy  concretion,  in  proportion  to 
the  weakness  of  the  system,  was  particularly 
t stated ;  and  the  subject  was  the  more  regarded, 
from  the  practical  inferences  which  it  induced.* 
<On  this  topic,  therefore,  I  will  not  enlarge,  merely 
contrasting  the  following  Experiments. 
EXP..XLV. 

A  vein  was  punctured  in  the  arm  of  a  youag 
person  labouring  under  Pneumonia :  Poise  120, 
and  strong.  Coagulation  did  not  commence  till 
the  expiration  of  eight  minutes,  though,  from  the 
smallness  of  the  vein,  the  IBlood  trickled  guitatim. 
Exp,  XLYI. 

From  the  arm  of  a  stout  young  man,  affected 

with  Urticaria,  half  a  pound  of  Blood  was  taken. 
A  portion  received  in  a  small  cup,  did  not  coagu- 
late till  the  expiration  of  13  minutes.'^- 

*  Dr  .G.  Fordyce  states  in  his  Practice  of  Physic,  that  "  the  iuflamma- 
tory  Diathesis,  is  marked  by  a  hard,  and  for  the  most  part,  a  stron'»,  full 
and  frequent  pulse  ;  the  Blood,  when  taken  from  the  arm  more  fluid,  and 
sontinuing  longer  fluid." 

t  So  long  a  period  is  not  usual;  nor  is  it  here  adduced  as  an  example 
of  a  general  rule;  concretion  commonly  taking  place  in  healthy  Blood  at 
the  end  of  5 — 8  minutes. 

N 
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Exp.  XLVJI. 
A  small  cupful  of  Blood  from  a  young  woman 

in  the  last  stage  of  Phthisis  Pulmonalis :  Pulse 

125.  In  four  minutes  coagulation  had  commenced. 

Exp.  XLVIII. 

A  Female,  aged  33,  pallid  and  emaciated,  yet 
labouring  under  febrile  symptoms,  lost  about  half 
a  pound  of  Blood.  Coagulation  commenced  in 
4  min.  10  sec.  in  a  cup  taken  soon  after  the  veiii 
was  punctured. 

The  marked  disparity  between  the  periods  of 
coagulation,  when  the  system  is  under  the  influ- 
ence of  active  inflammation,  (XLV.)  or  remains 
unbroken  by  disease,  (XLVl.)  and  when  the  vital 
powers  are  reduced,  as  in  XLVII.  and  XLVIII., 
clearly  points  out  the  importance  of  the  subject  in 
a  curative  view.  Whoever  pays  attention  to  the 
circumstance,  will,  I  am  persuaded,  accede  to  the 
opinion,  that  the  speedy  occurrence  of  concretion  on 
the  effusion  of  Bloody  affords  a  reason  sufficiently 
cogent  for  the  discontinuance  of  depletory  measures. 

Blood  has  been  occasionally  taken  where  the 
Tascular  action  was  preternaturally  high,  yet 
the  system  considerably  reduced;  XLVII.  and 
XLVIII.  are  instances.    In  these  cases,  increased 
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action  was  combined  with  diminished  power  ;  the 
former  tending  to  retard,  the  latter  to  accelerate, 
coagulation.  Hence,  though  some  variety  oc- 
curred, I  generally  found  concretion,  under  such 
circumstances,  to  take  place  in  a  medium  time.* 
The  completion  of  coagulation^  does  not  observe 
the  same  regularity  as  its  commencement.  Of  six 
experiments,  tending  to  ascertain  the  speedy 
effusion  of  serum  as  influenced  by  the  tonic  or 
atonic  state,  four  favoured  the  idea  of  the  tardy 
separation  of  the  Blood's  constituents  in  cases 
of  extreme  debility,  but  the  others  gave  a  contrary 
impression.  Two  observations,  however,  since 
made,  support  the  former  opinion. 

Exp.  XLIX. 
A   Puppy  was  killed  by  the  division  of  the 

Jugular  vessels.  The  Blood  received  in  a  small  cup. 

had  separated  its  serumatthe  expiration  of  24  hours 

in  the  proportion  only  of  29  m248;  or  as  10  to  85, 

Exp.  L. 
A  poor  woman,  the  subject  of  Apoplexy.  Blood 
with  a  loose  coagulum  and  a  deep  fibrous  coat.  In 
two  days, — seriim  27,  crass.  470;  or  as  10  to  174, 

•  For  the  illustration  of  ray  ideas  on  this  subject,  see  section  7th,  of 
this  chapter. 


It  is  probable,  therefore,  that  perfect  coagnlatioif 
occurs  most  readily  in  a  healthy  condition;  and 
that  both  inflammation,  and  weak  vascular  action* 
retard  the  due  exudation  of  the  serum.  It  would 
seem  from  the  observations  of  Huxliam  and  others, 
that,  in  some  complaints,  the  Blood  does  not,  in 
any  dfegree,  separate  its  fluid.  In  malignant 
petechial  Fevers,  he  says,  "  the  crasis  is  so  broken 
as  to  deposit  a  sooty  powder  at  the  bottom  of  the 
vessel,  the  upper  part  being  either  a  livid  gore,  or  a 
dark- green,  and  exceedingly  soft  jelly."  In 
sbme  scorbutics,  also,  where  a  disposition  tu 
hemorrhage  exists,  he  remarks,  that  the  Blood 
does  not  coagulate,  but  becomes  grumous.  De 
Haen  also  saw  the  Blood  in  a  dissolved  state. 
Richerand*  states,  that  the  venous  Blood  which 
issued  from  the  stump  of  an  old  Man,  whose  arm 
was  amputated,  was  similar  to  a  weak  dye  of 
Logwood,  entirely  dissolved,  purple,  and  never 
underwent  the  true  coagulating  process.  Neither, 
according  to  the  statement  of  Authors,  does  the 
Blood  coagulate  in  the  Plague. 

Hewson  saw  Blood  taken  from  a  Woman,  the 
subject  of  fever,  ensuing  on  parturition,  which  did 

*  Elem.  Plivs.  by  Dc  Lys. 


•93 

not  separate  into  serum  and  crassamentom.  Cases 
of  non-coagulalion  are  recorded  also  by  Morgagni, 
Ferneliiis,  and  Schwenke.  Mr.  Wm.  Hey,  in  his 
work  on  Puerperal  Fever,  notices  two  instances  of 
fatal  termination,  in  which  the  Blood  was  found, 
on  venesection,    to  be  in  a  dissolved  state. 

A  cupful  of  Ox's  Blood,  I  once  observed,  which, 
instead  of  coagulating,  formed  an  orange-coloured 
turbid  fluid,  with  dark  grume  at  the  bottom.  In 
two  cases,  also,  I  remarked  the  coagulum  to  be 
dissolved  in  the  serum,  even  after  the  latter  had 
completely  exuded.  In  the  Blood  of  a  very 
young  animal,  the  serum,  on  the  second  day,  was 
distinct  from  the  crassamentum,  but  on  the  third, 
they  formed  one  dark  thick  iiuid.  This  circum- 
stance was  probably  the  effect  of  incipient  decom- 
position, for  the  Blood  soon  emitted  a  fetid  smell. 
Blood  drawn  from  a  young  Female  affected  with 
severe  abdominal  pain,  separated  its  serum,  as 
usual,  but  on  the  fifth  day,  the  coagulum  and 
fluid  were  found  an  uniform  mass.  This  occur- 
rence, however,  I  was  inclined  to  attribute  to 
some  fortuitous  cause. 

In  my  observations  on  the  Blood  of  animals,  1 
frequently  remarked,   that  if  the  serum   of  tlie 
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yoiirig  were  not  poured  off  from  the  crassamen* 
turn,  it  shortly  became  turbid,  apparently  from  the 
mixture  of  a  portion  of  the  coagulum. 

In  animals  killed  by  certain  poisons,  the  Blood 
does  not  coagulate;  as  in  Ruminants  destroyed 
by  Arsenic*  Neither  does  this  process  take 
place  in  deaths  from  lightning,  canine  madness, 
the  venom  of  serpents,  blows  on  the  stomach,  and 
mental  emotions,  nor  in  animals  killed  in  the  chase. 

When  extravasated  in  a  living  part,  the  Blood  ge- 
nerally concretes.  Hunter  notices,  that  in  themor- 
tification  of  a  Member,  it  is  found  strongly  coagu- 
lated. Haller  has  a  remark,  that  a  concreted  tre- 
mulous jelly  has  been  seen  in  the  vessels  of  a 
patient  dying  from  fever ;  and  even  in  the  veins 
of  a  living  person.^ 

6.  The  Firmness  of  the  Coagulum  of 
Blood  has  been  considered  a  distinctive  mark  of 
the  tonic  state  of  the  system ;  its  great  tenacity,  a 
characteristic  of  inflammation ;  and  its  looseness, 
a  sure  proof  of  debility.  During  inflammatory 
action,  the  fibrine  of  the  Blood  is  known  to  be 
considerably  augmented ;  J  and  since  this  action  is 

*  Brodie,  Phil.  Tran,        t  Primje  I^ineac. 

I  Dr.  Whiting,  on  examining  the  Fibrine  of  morbid  Blood,  generally 
found  it  to  be  increased,  and  especially  where  the  sizy  tnnic  was  present. 
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generally  produced  by  nature,  for  the  reparation  of 
some  injury,  we  readily  perceive  the  reason  of 
«uch  increase.  Its  effects  on  the  coagiilum,  as  we 
might  a  priori  expect,  are  found  to  be  great,  the 
crassamentmn  being  larger,  and  much  more  dense 
in  its  texture.  Reflection  on  this  circumstance, 
has  generally  a  considerable  effect  in  the  treat- 
ment of  disease ;  most  practitioners  thinking  them- 
selves authorized  to  repeat  venesection,  where  the 
first-drawn  Blood  has  a  firm  crassamentum,  and 
obliged  to  desist  from  the  antiphlogistic  regimen, 
when  the  coagulum  is  readily  broken.  These 
marks,  however,  ought  not  to  be  wholly  relied  on. 
In  acute  diseases,  it  is  frequently  found  that  the 
senim  is  slowly  exuded ;  and  hence,  unless  a  due 
time  elapse  before  examination,  the  coagulum  ig 
soft  from  the  serum  it  contains.  Here,  upon  the 
general  principle,  the  practitioner  Avould  desist 
from  further  evacuations,  concluding  the  system 
io  be  greatly  reduced.  Sometimes,  also,  from  the 
adhesion  of  the  coagulum  to  the  side  of  the  vessel, 
from  the  kind  of  vessel,*  or  other  cause,  the  sepa- 

In  two  cases  of  acnte  Itlieumatism,  its  proportion  to  the  whole  Blood  was 
as  7  to  1000,  and  in  a  third,  9-7  to  ICOO ;  although  the  ratio  in  health,  is 
but  1—2  to  1000. 

•  Mr,  Hey  properly  objects  to  the  use  of  pewter  porringers,  where  it 
is  desirable  to  observe  the  changes  of  the  Blood.  Either  glazed  earthen- 
ware or  glass,  onght  certainly  to  be  preferred. 
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mtion  of  the  serum  is  prevented  for  many  hours, 
yetj  on  the  removal  of  such  attachment,  or  on  the 
division  of  the  coagulum,  the  serum  is  effused,  and 
the  crassamentum  becomes  firm.  The  size  of  the 
vessels  has  also  a  considerable  effect  on  the  exu- 
dation of  the  serum,  and  consequently,  on  the 
density  of  the  remaining  coagulum.  The  fluid  of 
Blood  received  in  a  basin,  is  usually  in  greater 
proportion  than  that  contained  in  a  small  cup» 
and  of  course,  the  cake  in  the  latter,  is  looser 
than  that  of  the  former.  If,  however,  on  the  divi- 
sion of  the  magulum^  at  the  ejcpiratiGn  of  from  eight 
to  twenly-foiir  hours^  there  ensue  no  considerable 
effusion  of  serum,  and  the  crassamentum  remain 
extraordinarily  firm,  I  believe  that  further  deple- 
tion is  fully  warranted.  Dr.  Langrish,  in  his  expe- 
riments on  morbid  Blood,  used  a  glass  tube, 
resembling  that  of  a  thermometer,  for  ascertaining 
the  tenacity  of  the  crassamentum.  He  placed 
the  Bulb  on  the  coagulum,  and  adding  quick- 
silver, found  what  quantity  was  necessary  to 
penetrate  it.  His  glass  was  graduated,  and  hence 
he  could  the  more  readily  notice  "  the  degrees  of 
cohesion."  From  his  observations,  it  appears, 
that  in  acute  Fevers,  including  cases  of  inflamma- 
tion, the  average  of  the  tenacity  was  about  36; 


tliat  of  tertian  fever  was  2^  ;  and  that  of  quar- 
tans, 17.  He  further  remarked,  that  Blood  drawil 
from  three  healthy  young  men,  had  crassamentum 
of  but  9,  10,  and  1 2  degrees  of  cohesion.  Di% 
O.  Fordyce  remarked,  that  the  Blood  coagulates 
into  a  firmer  or  looser  mass,  generally  in  propor- 
tion  to  the  strength  of  the  system.*  The  same 
opinion  is  also  repeatedly  advanced  by  Mr.  Hey^ 

In  acute  maladies,  therefore,  it  is  evident,  that  the 
€oa(/ulum  is  generally  dense.  We  frequently,  how- 
ever, observe  much  benefit  derived  from  bleeding, 
even  when  the  crassamentum  is  soft  and  yielding; 
nor  should  we,  in  such  cases,  hesitate  to  repeat  the 
depletion,  if  other  circumstances  indicate  its  pro- 
priety. Dr.  Watt,  in  his  cas^s  of  Diabetes, 
remarks,  that  great  advantage  accrued  from  ve- 
nesection, though  the  coagulum  was  loose  and 
black ;  and  that  on  repeated  evacuations  of  Blood, 
the  crassamentum  became  much  firmer,  and  of  a 
more  natural  hue.  But  it  is  by  no  means  to  be 
inferred,  that  inflammation,  or  acute  disease,  exists 
in  every  case  where  bleeding  proves  beneficial. 

7.  The  Proportion  of  Serum  and  Crassa- 
mentum, affords  animportant  evidence  of  the  state 

*  Elem.  Pract.  Physic. 
O 
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of  the  system.  In  most  of  the  experiments  of  the  4th 

chapter,  regard  was  had  to  this  circumstance,  but 

,as  the  observations  referred,  not  to  the  ratio  at  re- 

.  peated  bleedings,  but  to  that  of  Blood  taken  at  the 

same  hemorrhage,  the  results  were  not  conclusive. 

On  examining,  however,  the  statements  in  the 

,  Appendix,  it  will  perhaps  be  admitted,  that  even 

in  slaughtered  animals,  the  serum  is  usually  in 

a  proportion  inverse  to  the  strength  of  the  system. 

The  two  following   observations   support  the 

general    inference,    that  the    serum  is  relatively 

increased  during  the  continuance  of  bleeding :  and 

it  is  surprising  how  great  a  change  in  this  respect, 

the  lapse  of  a  minute  produces.* 

*  My  friend  Dr.  Weatherhead  (now  of  Upp«r Montagu-street,  London) 
suggested  the  following  query.  "  Does  not  the  abundance  of  serum  in 
the  last  drawn  cup,  arise  from  the  Immediate  effect  of  the  bleeding  in 
rousing  the  energies  of  nature  to  absorb  serum  from  tiic  different  cavi. 
ties,  and  thus  occasion  the  fact  you  have  remarked  ?  If  this  be  the  true 
cause,  it  will  likewise  account  for  the  benefit  derived  from,  and  autho- 
rize the  detraction  of  Blood  in  both  sanguineous  and  serous  extravasa- 
tions, wherein  the  strength  has  not  thereby  been  materially  diminished. 
This  absorption  ought  also  to  be  more  obvious  in  health,  where  nature 
acts  unfettered  by  diseased  associations."  The  circumstance  must,  I 
conceive,  originate  either  in  the  cause  which  Dr.  Weatherhead  suggests, 
or  in  the  greater  disposition  to  concretion  which  the  Blood  assumes, 
when  the  system  is  reduced.  The  latter  opinion  is  least  probal)le,  for 
if  the  increased  proportion  of  fluid  in  the  last  received  Blood,  arise 
merely  from  the  speedy  contraction  of  the  crassamentum's  ejecting  a 
"reattr  quantity  of  serum  than  tlie  first-drawn,  this  substance  would  be 
firmer  in  the  last  than  the  first.  But  since  the  fact  proves  the  reverse,  we 
may  infer,  that  during  hemorrhage,  the  ratio  of  serum  is  actually  augmented. 
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Exp.  LI. 

About  1  Ib.'ol^Blood  was  substracted  from  the 
arm  of  a  muscilfar  man,  labom-ing  under  Angina 
Pectoris.    It  was  weighed  three  days  afterwards : 

Ser.          Cras.  Ser.  Cras. 

1    Cup  had    160 360  or  as  10  to  22-5 

2 420 594   10...  14-1 

3 418 736  10  ...  17-6* 

Great  faintness  occurred  on  filling  the  third  cup. 

Exp.  LII, 

In  XX.  the  proportions  were  found  to  be  in 

Ser,  Cras,  Ser.         Cras. 

No  1 260 335  or  as  10  to  12  8 

2 500 520  10...   10-4 

3.. 400 526  10  ..,  131 

4 440 500  10  ...  11-3 

5 450 536  10...  119 

No  disposition  to  Deliquium. 

However  the  fact  may  be  as  to  the  proportion 

of  the  Blood's  constituents  during  hemorrhage, 

certain  it  is,  that  frequent  bleeding  diminishes  the 

quantity  of  the  crassamentum  in  the  circulatory 

system,  and  equally  certain,  that,  in  most  diseases 

of  the  atonic  character,  and  in  a  reduced  state  of 

the  vital  powers,  the  quantity  of  serum  is  large.f 

•  Mr.  Hey,  also,  commonly  found  that  the  least  sernm  was  effused  from 
the  first  drawn  Blood,  and  most  from  the  last. 

t  Hence  it  is  evident  that  the  crassamentum  is  less  readily  produced. 


In  the  2d  c]ia})ter  it  was  stated,  that  the  propor- 
tion in  health,  is  10  to  13  or  14  of  crassamentum. 
The  comparative  quantities  in  morbid  Blood  will 
now  be  adverted  to,  beginning  with  maladies 
where  debility  formed  the  principal  featm'e. 

Exp.  LIIL 

In  a  Dyspeptic  case,  a  small  quantity  of  Blood 
was  drawn  at  the  Patient's  request, — a  female  of 
pallid  countenance,  spare  habit,  and  health 
long  impaired.  The  Bipod  looked  thin,  as  it 
flowed,  and  assumed  a  partial  coat  of  Size.  Sen 
250,  crass.  285;  or  as  10  to  11-4. 

Exp.  LIV. 

Blood  was  taken  from  the  Temporal  Artery  of 
a  Man,  whose  constitution  was  feeble,  and  em- 
ployment sedentary.  His  complaint  was  Ophthal- 
mia, but,  with  this  malady,  the  system  did  not 
appear  affected.  On  weighing  the  Blood  two 
days  afterwards,  the  serum  and  crassamenlum  tvere 
very  nearly  equal  in  quantity. 

Exp.LV. 

Blood  was  taken  from  a  Woman,  aged  46, 
afflicted  with  the  Hemiplegia :  serum,  420,  crassa- 
mentum,  520;  or  as  10  to  12 '3. 
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Exp.  LVI. 

Blood  was  drawn  from  the  arm  of  an  emaciated 
Female,  long  the  subject  of  Ascites.*  At  one 
venesection,  the  serum  was  to  the  crassamentumy  as 
10  to  11-2;  at  another,  as  10  to  12-9. 

Exp.  LVII. 

In  XL VI I.,  a  yomig  woman  in  an  advanced 
stage  of  Phthisis,  the  Blood,  two  days  after  its 
subtraction,  weighed,  serum,  345,  crassamentum, 
640,  or  as  10  ^o  J  5.6. 

In  these  cases,  with  the  exception  of  the  last, 
the  serum  was  in  a  proportion  greater  than  the 
healthy  standard.  Dr.  Whiting  seems  to  doubt 
the  truth  of  this  circumstance's  generally  occurring 
in  a  marked  degree,  in  cases  of  atonic  disease. 
From  my  own  observations,  I  am  inclined  to 
believe,  that  as  much  depends  on  the  robust,  or 
reduced  state  of  the  system,  as  on  the  character 
of  the  malady.     Where  the  animal  frame  is  weak 

*  Though  not  connected  with  the  subject  of  this  inquiry,  I  may  be 
permitted  to  remark,  that  bleeding  is  not  unfreqnently  beneficial  in 
Hydropic  cases.  The  statements  and  reasoning  of  the  able  and  inge- 
nious Parry,  supported  by  careful  observations,  evince  the  diseases  to  be 
almost  ever  connected  in  one  stage  or  other,  vpith  Inflammatory  or 
increased  Vascular  action  ;  and  hence  the  utility  cf  substracting  at  inter- 
vals, small  quantities  of  Blood.  The  case  alluded  to,(LVJ)  was  under 
the  care  of  my  friend,  Mr.  Battye ;  but  in  a  patient  of  my  own,  the  subject 
of  Anasarca,  I  recently  found  the  best  results  from  tlie  depletory  treatment. 
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and  delicate,  the  proportion  of  serum  is  usually 
large  ;  when  the  disease  is  unattended  with  Fever 
or  Inflammation,  the  proportion  is  increased.  On 
the  combination,  therefore,  of  these  causes,  the 
Blood  will  generally  be  found  preternaturaUy  Jluid. 
If,  on  the  contrary,  the  system  be  strong  and 
robust,  the  serum  is  comparatively  small ;  if  the 
affection  be  of  the  inflammatory  character,  the 
serum  is  considerably  diminished.  On  the  com- 
bination, therefore,  of  these  circumstances,  we  may 
expect  the  fluid  to  form  but  a  small  proportion  to 
the  solid  parts  of  the  Blood, 

It  is  by  no  means  an  unfrequent  occurrence, 
however,  for  debility  to  be  combined  with  acute 
disease.  In  this  case,  according  to  the  opinion  I 
have  stated,  are  two  principles  or  causes,  opposite 
in  their  nature,  and  tending  to  produce  contrary 
results,  and  in  proportion  as  the  one  exceeds  the 
other,  shall  we  have  a  diversity  in  the  quantity  of 
serum. 

Experiment  LVII.  affords  an  illustration  of  my 
ideas.  Here  there  was  increased  action  conjoined 
with  diminished  power;  a  pulse  ranging  from  120 
to  140,  and  a  constitution  greatly  reduced,  the 
former  tending  to  lessen  the  relative  quantity  of 
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serum,  and  the  latter  to  augment  it.  In  conse- 
quence, we  find  the  serum  to  be  in  proportion  of 
10  to  15  while,  had  there  existed  no  principle  to 
counteract  the  agency  of  the  high  vascular  action, 
it  would  probably  have  borne  a  relation  only  as 
10  to  20—25. 

Some  observations  will  next  be  adduced  to 
shew  the  proportions  in  the  tonic  state. 

Exp.  LVIII. 

Two  or  three  ounces  of  Blood  were  taken  from 
the  Arm  of  a  Girl,  aged  seven,  labouring  under 
Pneumonia.  Serum,  166,  crassamentum,  460,  or  as 
10  to  28-2.*  Leeches  were  applied  to  the  breast 
the  succeeding  day ;  and  on  the  third,  about  4  oz. 
of  Blood  taken  from  the  Arm.  Serum^  819,  eras- 
samentwn,  1J24,  or  as  10  to  13*7. 

Exp.  LIX. 
Blood  was  taken  from  the  Arm  of  a  Woman, 

who  had  been  of  a  robust  constitution,  but  was 

I 

now  affected  with  a  mild  Gastritis,  or  what  might 
be  termed  Gastric  Fever.  No  buff.  Serum,  80, 
crassamentum,  225;  or  as  10  to  28*  1. 


•  In  this,  as  well  as  the  succeeding  cases,  care  was  taken  that  the 
ternin  had  duly  exuded. 
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Exp.  LX. 

In  a  case  of  decided  Enteritis,  on  the  second 
bleeding,  and  after  the  inflammatory  action  had 
been  much  reduced;  the  proportions  in  two  vessels 
were  found  the  succeeding  day,  to  be,  in  the  first-re- 
ceived, serunif  24i, — crassamentum,  39;  or  as  10  to 
15*9;  the  second,  serum,  221, — crassamentumy  42; 

or  as  10  to  18-6. 

Exp.  LXI. 
Continued  Fever.    A  Female,  aged  26.    Serum^ 

.425, — crassamentunif  520 ;  at  a  second  venesection, 

serum,  250, — crassamenium,  410 ;  or  as  10  to  16'2. 

Exp.LXlL 

Incipient  Enteritis.     A  Man,  aged  58.     Blood 

buffed  and  cupped ;  serum,  680, — crassamenium, 
1,180;  or  as  10  to  17-3. 

Exp.  LXm. 

Acute  disease   of  the  heart.      A  Man,  aged 

about  30;  serum,  169, — crassamentum,  237;  or«*10 
fo  19-9. 

These  cases,  it  is  hoped,  sufficiently  evince  the 
increased  quantity  of  crassamentum  in  febrile  and 
inflammatory  action. 

As  manifesting  the  necessity  of  this  substance's 
being  in  a  moderate  quantity,  I  refer,  particularly, 
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io  LVIII.  From  the  first  attack  of  the  complaint, 
*o  the  second  venesection,  the  child  was  in  great 
suffering;  bat  no  sooner  was  the  proportion  of 
crassamentum  reduced  to  its  healthy  degree,  than 
the  pain  was  greatly  relieved,  and  the  malady^ 
in  24  hours,  completely  removed. 

From  Languish's  experiments,  before  referred- 
to,  it  appears,  that  the  average  of  the  relative 
quantities,  vras  10  serum  to  33  crassamenium,  in 
acute  Fevers  ;  10  to  25  in  Tertians  ;  and  10  to  16 

in  Quartans.* Dr.  Mills,  in  almost  all  the  cases 

of  acute  Fever,  which  he  records,  found  the  serum 
to  be  in  very  small  proportion  to  the  crassamen- 
tum,  though  it  does  not  appear  that  the  Blood 
was  weighed. — In  some  acute  maladies,  scarcely 
a  drop  of  serum  is  exuded  ;  and,  what  is  remark- 
able, in  Asthma,  a  like  circumstance  has  been 
observed.  Morganf  states  the  case  of  a  Female, 
labouring  under  this  disease, — a  pulse  small  and 
quick,  *'  with  melting  heat,"— a  pound  of  Blood 
separated,  but  2|  oz.  of  fluid ;  and  at  another 
bleeding,  the  crassamentum  was  scarcely  covered 

*  It  seems  probable,  that  in  these  cases,  the  serum  had  not  been  com- 
pletely effused ;  for  the  proportion  of  cratsamentnm  in  Langrish's  state- 
ments considerably  exceeds  that  commonly  found  in  similar  diseases. 

t  Principles  of  Medicine. 
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with  serum .  Some  months  ago,  I  took  about  6  oz. 
from  the  arm  of  an  elderly  man,  affected  with 
Asthma,  with  a  pulse  of  140,  soft  and  weak. 
Next  morning,  I  was  surprised  to  find,  the  exuded 
serum  not  to  equal  a  tea-spoonful ;  and  scarcely 
did  the  coagulum,  on  its  division,  separate  any 

additional    quantity. While,    however,    it   is 

maintained,  that  the  crassamentum  is  usually  in  a 
quantity  proportionate  to  the  tonic  state,  excep- 
tions must  be  admitted  occasionally  to  occur. 
The  following  is  an  example : — 

Exp.  LXIV 

Blood  was  taken  from  the  Arm  of  a  robust 
young  Woman,  affected  with  Pleuritic  symptoms. 
Serum  to  crassamentum,  as  10  to  12-6. 

Although,  therefore,  an  increased  quantity  of 
crassamentum  marks  the  inflammatory  stale;  yet, 
from  the  absence  of  this  criterion,  we  should  by 
no  means  infer,  that  the  depletory  treatment  is 
precluded.  Repeated  observation  has  convinced 
me  of  the  decided  benefit,  which  frequently  ensues 
on  venesection,  even  when  the  Insula  bears  no 
inordinate  relation  to  the  fluid  constituents  of  the 
Blood. 
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,  But,  where  this  circumstance  does  occur,— 
where  the  crassamentum  is  in  a  ratio  preteriia- 
turally  large,  there  I  believe  bleeding  to  be 
required,  whatever  be  the  name  of  the  malady  or 
of  the  symptoms  which  attend  it. 

The  proportion  of  fibrine  is  well-known  to  be 
much  increased  during  gestation.  Some  writers, 
however,  are  disposed  to  consider  this  circum- 
stance as  depending  rather  on  the  malady  for 
which  blood-letting  is  performed,  than  on  the 
pregnant  state.  But  it  seems  very  improbable, 
that  the  crassamentum  should  be  augmented  to  a 
degree,  exceeding  often  that  of  the  most  active 
inflammation,  if  the  only  cause  were  a  pain  in  the 
Thorax,  or  a  slight  febrile  affection.  The  true 
cause  appears  to  arise,  from  the  necessity  of  an 
additional  quantity  of  the  plastic  Lymph  for  the 
formation  and  growth  of  the  foetus, 

A  scanty  supply  of  nutriment  diminishes 
the  proportion  of  crassamentum,  and  a  similar 
effect  is  produced  by  old  age.  Morgagni*  relates 
the  case  of  a  poor  man  of  60,  in  whose  Blood 
after  death,  no  fibrous  part  could  be  found. 

Connected  with  the  subject  of  this  section  is  the 

»  Epist.  43. 
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quantity  of  water  in  morbid  Blood,  as  evidenced  htf  eva- 
poration. The  analyses  of  Berzelius,  Marcet,  and 
Bostock,  inreference  to  the  natural  proportion,  may 
be  seen  in  the  appendix.  Whiting  found  it  in  healthy 
Blood,  770 — 794  to  1000;  while  in  a  reduced 
condition  of  the  vital  powers,  it  was  considerably 
augmented,  amounting  even  in  a  case  of  Purpurss 
Hemorrhagica,  to  ■^^. 

8.  Of  the  appearances  which  the  Blood  assumes^ 
in  disease,  that  most  regarded  by  the  Moderns,  is 

THE    COAT    OF    YELLOWISH    SIZE,    WHICH    SOME-t 

TIMES  COVERS  ITS  SURFACE.  This  has  usually 
been  considered  the  criterion  of  inflammation,  since 
its  presence  is  commonly  found  in  acute  Rheu- 
matism, Pleurisy,  and  the  like.  In  these  affectionsy 
the  Blood,  on  flowing  from  the  arm  appears  thin, 
and  on  remaining  three  or  four  minutes,  throws  of 
a  bluish  lymph,  which  quickly  concretes  into  a 
dense  sheet,  much  resembling  the  spurious  mem- 
branes produced  by  internal  inflammation.  This 
tunic  allowing  the  coagulum  to  adhere  to  its 
inferior  surface  gradually  increases  in  thickness, 
till  it  reach  the  tV  or  I  of  an  inch.*     In  some 

*  Hnxliam  remarks  tbat  in  some  fevers,  he  has  seen  it  an  incli  in 
thickuesss. 
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cases  the  surface  is  concave  ;  and  this  appearance 
is  considered  as  evincing  a  higher  degree  of  acute 
disease. 

It  seems  probable  that  a  variety  of  circumstan- 
ces tend  to  produce  the  fibrous  tunic.  In  cases 
where  the  mineral,  and  even  vegetable  acids,  have 
been  freely  administered,  it  has  been  observed  ;* 
and  it  will  often  exist  when  the  system  is  under 
any  actively  morbid  influence. 

Though  commonly  found  on  venous,  it  appears 
from  Dr.  Gordon's  statements,  that  the  buff-coat 
is  also  occasionally  witnessed  on  the  surface  of 
arterial  Blood. 

Authors  had  long  noticed  this  appearance  without 
adverting  to  its  nature,  or  explaining  its  formation. 
Gaberf  and  Hewson  were  the  first  who  examined 
the  subject  with  due  attention.  Instead  of  a 
morbid  structure,  they  considered  its  principal 
constituent  to  be  coagulated  lymph  or  fibrine. 
This  opinion  has  since  been  controverted  by 
Mr.  Hey,  who  maintains,  that  serum  forms  by  far 
the  largest  proportion.  The  fact  is,  that  the  size 
is  found,  in  some  cases  to  be  9-lOths  of  it  fluid, 
while  in  others,  it  is  tough  and  compact  like  leather. 

•  Vide  Cruickshanks  an  Acids  in  Lues.      '  t  De  humoribus  animalibus. 


110 

In  regard  to  the  formation  of  the  buff-coat, 
Hewson  concluded,  that  it  was  produced  by  the 
tenuiiy  of  the  Blood,  allowing  the  red  Particles 
more  readily  to  sink.  That  the  Blood  is  attenuated 
in  inflammatory  affections,  however,  is  an  assertion, 
which  most  practitioners,  both  ancient  and  mo- 
dern, are  disposed  to  deny.  It  is  true,  indeed, 
that  the  Blood,  as  it  issues  from  the  arm,  in  acute 
maladies,  usually  appears  thin,  and  the  thin- 
nest often  in  the  most  acute.  But  I  am  con- 
vinced from  observation  on  diseased  Blood,  that 
no  real  and  permanent  attenuation  occurs  in  Infiam- 
mation. 

The  only  mode  in  which,  I  conceive,  the  crassi- 
tude of  the  Blood  can  be  diminished,  is  either  by 
an  inordinate  proportion  of  serum,  or  a  preterna- 
tural fluidity  of  the  crassamentum.  In  the  two 
last  sections  of  this  chapter,  the  tenacity/  of  the 
coaguhim  has  been  shewn  to  be  considerahly  hi" 
creased  by  inflammatory  action,  and  the  proportion 
of  serum  greatly  diminished.  If,  therefore,  there 
exist  any  attenuation,  it  can  only  be  before  coagu- 
lation \  and  its  cause  mustarisefrom  some  unknown 
change  produced  in  the  quality  of  the  old  fibrine, 
or  from  some  variety  in  the  character  of  the  new. 
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Bat,  since  the  tenuity  of  the  Blood  does  not 
appear  to  occasion  the  sizy  tunic  as  observed  in 
Inflammation,  it  may  be  asked,  "  Is  it  produced 
by  an  increased  specific  gravity  of  the  red  Par- 
ticles ?"  Hewson  has  answered  this  query.  Hav- 
ing poured  into  two  vials,  the  serum  of  Blood 
which  did  not  assume  the  buff-coat,  he  added  the 
red  Particles  of  sizy  Blood  to  the  one,  and  the 
red  Particles  of  healthy  Blood  to  the  other:  the 
former  did  not  subside  sooner  than  the  latter.  He 
concluded,  therefore,  that  the  gravity  of  the  cruor 
was  not  the  cause. 

On  drawing  blood  during  high  vascular  action, 
I  had  repeatedly  noticed,  that  the  first  cup,  which 
remained  fluid  the  longest  had  the  strong  size, — 
the  surface  of  the  second  had  transparent  spots, 
arid  the  third  which  was  soonest  concrete,  had 
no  such  appearance.  Hence  I  was  led  to  infer, 
that  the  formation  of  the  buff-coat  in  such  diseases, 
depends  on  the  Blood's  indisposition  to  coagulate, 
such  tardiness  of  concretion  allowing  the  red 
Particles  to  subside.*     This  opinion  1  had  formed 

•  An  observation  of  Dr.  Whiting's,  which  apparently  militates  against 
this  opinion,  ought  to  be  stated.  He  found  a  fibrous  tunic  near  the 
bottom  of  the  crassamentura  in  one  case ;  and  this  phenomenon  to  be  wholly 
absent  in  another,  though  the  Blood  remained   fluid  from  15  to  30 


oefore  I  noticed  Hewson's  remarks  on  the  subject. 
That  inflammatory  action  retards  concretion,  the 
preceding  parts  of  this  Essay  have  fully  demon- 
strated, but  the  cause  of  this  delay,  is  a  point  not 
so  easy  to  determine.  Hewson  supposes,  that  the 
great  agitation  of  the  Blood  in  acute  maladies, 
occasions  a  more  intimate  union  of  its  consti- 
tuents, and  a  consequently  less  ready  separation. 

I  bled  a  patient  labouring  under  Pleurisy, 
whose  pulse,  before  venesection,  was  but  80,  yet 
a  fibrous  tunic  was  formed.  In  another,  the  sub- 
ject of  Enteritis,  with  a  pulse  of  84,  three  ves- 
sels of  Blood  had  each  a  sizy  crust. 

Doubting,  from  these  observations,  the  pro- 
priety of  Hewson's  solution,  I  am  disposed  to  ask, 
does  the  additional  quantity  of  fibrine,  acquired 
by  inflammatory  Blood,  remain  for  some  time 
unassimilated,  and  thus  retard  those  changes 
which  it  is  natural  for  this  substance  to  assume  ? 

Or  rather  shall  we  believe  that  the  vital  energy 
is  preternaturally  exited  in  active  disease,  and 

rainates. A  remark  of  Kellie's,  hdwever,  in  his  observations  on  the 

tourniquet,  seems  strongly  to  support  the  opinion.  He  states,  that  when 
from  the  stoppage  of  the  circulation,  the  blood  acquired  an  increased 
disposition  to  coagulate,  no  buflf-coat  appeared,  but  that  on  the  removal 
of  the  instrument,  and  the  consequently  free  passage  of  this  fluid  through 
its  vessels,  the  tunic  was  very  conspicuous. 
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thus  by  its  effects  on  the  Blood  Vessels,  protracts 
the  period  of  coagiilation  ? That  a  state  of  ner- 
vous, as  well  as  vascular  excitement  exists  in 
inflammatory  affections,  will  be  readily  admitted : 
that  this  excitement,  or  encreased  nervous  influ- 
ence, affects  the  Blood  vessels  in  an  especial 
degree,  cannot  be  denied  :  and  since  the  prece- 
ding chapter  has  evinced  the  intimate  connectiori 
of  the  vital  energy  with  the  Blood's  coagulation, 
nay,  has  shewn  the  dependance  of  this  process  on 
the  life  of  the  vessels  : — since,  moreover,  section 
10,  of  chapter  4,  has  experimentally  proved,  the 
coagulating  periods  to  correspond  with  the  effi- 
ciency and  reduction  of  the  vital  energy: — the 
conj  ecture  is  at  least  plausible.  If  this  supposition 
be  admitted  as  a  consistent  and  adequate  theory,  it 
will  explain,  not  only  the  origin  of  the  fibrous  tunic 
in  inflammatory  affections,  but  also  the  facts  con- 
nected with  the  relative  periods  of  coagulation, 
to  which  so  much  attention  has  been  paid. 

This  theory,  however,  refers  only  to  the  forma- 
tion of  the  fibrous  coat,  in  maladies  of  acute 
character.-— In  Scurvy,  and  other  diseases  of 
debility,  the  same  appearance  is  often  remarked, 

Q 
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yet  the  same  rationale  cannot  be  admitted.  But 
in  these  cases,  it  should  be  remembered,  that 
the  proportion  of  serum  is  generally  increased, 
and  the  Blood,  in  consequence,  becomes  really 
thinner  than,  in  a  state  of  health. — It  appears, 
therefore,  that  a  facility  is  here  afforded  for  the  sub- 
sidence of  the  red  particles,  equal  to  that  produ- 
ced during  inflammatory  action,  by  the  tardiness 
of  concretion.  Hence  I  infer,  that  the  huff-coat 
is  produced  in  acute  diseases^  by  the  Blood's  indis-^ 
jwsition  to  coayulate,  and  in  those  of  debility,  by  its 
actual  tenuity. 

Where  the  fibrous  tunic  occurs  in  cases  of 
debility,  the  coagulum  beneath  it,  is  loose  and 
dark  coloured. 

This  characteristic  has  been  noticed  by  several 
authors,  but  by  Mr.  Hey,  it  has  been  brought  for- 
wards in  the  most  useful  point  of  view,  and  since 
the  rule  is  general,  its  precautionary  inferences 
are  obvious. 

Among  the  observations  made  on  the  sizy  tunic, 
it  has  been  noticed,  in  some  cases,  to  assume  a 
cornelian  hue  ;  this  appearance  no  doubt  arising 
from  part  of  the  cruor  being  entangled  in  the 
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Pellicle.  Huxhain  remarked  it  in  Pneumonia 
Notha,  and  considered  it  as  an  unfavourable  omen. 
— Hewson  also  saw  it  in  one  or  two  instances. 

The  sizy  coat  is  found  to  occur  in  almost  all 
cases  where  nature  is  either  forming  a  new  sub- 
stance, or  repairing  an  injury.  After  capital 
operations,  the  Blood  always  assumes  this 
appearance  ;  and  in  Pregnancy,  especially  in  the 
latter  months,  it  is  well  known  to  exist. 

The  practical  conclusions,  which  this  subject 
induces,  demand  serious  attention.  The  fibrous 
tunic  is  admitted  to  present  itself  in  cases  of  the 
greatest  vital  debility, — cases  in  which,  the  loss 
of  but  a  moderate  quantity  of  Blood,  would  hurry 
the  patient  to  his  tomb ;  while  this  fancied  crite- 
rion of  acute  disease,  •  is  often,  nay  commonly, 
absent  in  maladies,  where  severe  inflammation 
is  combined  with  the  greatest  constitutional 
strength.*     In  affections,  morever,  which  require 

*  De  Haen,  cum  multis  aliis,  has  pointedly  made  the  observation, 
"  Imo  in  morbis  maxime  inflammatoriis,  in  nullo  sanguine,  quoties 
cunqne  misso,  aliqnoties  crusta  ulla  est."— Ratio  Medendi. 

"  Vidi  dum  sanissimis  hominibns  vena  secaretur  quotannis  vcino 
tempore,  saipius  crustam  adesse.  Imo  in  homine  debili,  cui  ad  Hscmop- 
tysin  praecavendam,  qua  laboraverat,  sanguis  mitiebatur  singulis  tribus 
mensibus,  vidi  semper  crustam  illam  adesse.  Adfuit  ergo  talis  sanguinis 
diathesis,  licet  nulla  inflammatio  adesset.  Et  contra  in  validissimis 
inflammatoriis  morbis  aliquando  nulla  talis  crusta  in  sanguine  apparuit. 
—  Van  Swielen  in  Aph,  384,  Boerb. 
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the  repeated  abstraction  of  Blood,  it  has  often 
been  remarked,  that  the  buff-coat  has  not  ap- 
peared on  the  first  or  second  bleeding,  yet  on  the 
third  or  fourth,  it  has  been  copiously  exhibited. 
What  shall  we  say,  then,  of  the  doctrine  of  this 
tunic's  characterizing  inflammatory  action,  and 
warranting  the  repeated  abstractionof  Blood,^-tbe 
doctrine,  I  mean,  unlimited  and  unguarded  ?  If 
the  observation  and  the  reasoning  of  the  ablest  ex- 
perimentalists had  a  due  effect  in  forming  the  opi- 
nions of  medical  practitioners,  and  influencing 
their  conduct,  this  dangerous  opinion  had  been  long 
since  exploded.  But  if  the  admonitions  and  the 
warnings  of  a  host  of  authors  deserve  no  regard, 
surely  personal  observation  ought  not  to  bie  neg- 
lected, nor  reflection  wholly  abandoned.  To 
examine  the  aspect  of  Blood  in  disease,  is  not 
difficult,  and  to  reflect  on  the  fatal  effects  of  the 
error  so  frequently  exposed,  is  not  useless.  If, 
however,  no  other  consideration  will  avail,  I 
would  urge  tlie  counsel  of  Huxham,  "  As  for 
those  who  will  neither  read  nor  reason,  but 
practise  by  rote  and  prescribe  at  a  venture,  I 
must  seriously  advise  them,  at  least,  to  peruse 
the  sixth  commandment." 
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9.  Some  changes  are  produced  by  disea,se  in 
the  QUALITY  OF  THE  SERUM.  Dr.  Parr  states 
the  albumen  to  separate  sooner,  and  to  be  less 
finn ;  but  in  no  determined  ratio  to  the  nature  or 
the  violence  of  the  complaint.  Dr.  Marcet 
examined  the  specific  gravities  of  serum  in  some 
affections.  In  a  slight  local  injury  he  found  it 
1024*5  ;  in  acute  Rheumatism,  with  a  pulmonary 
affection,  1032*5,  and  on  a  repetition  of  the  blood- 
letting the  next  day,  1029*8 ;  in  afebrile  affection, 
1029*8;  in  a  case  devoid  of  any  inflammatory 
appearance,  1030*9. 

That  Fever  and  Inflammation  produce  no  con- 
siderable effect  on  the  specific  gravity  of  the 
serum,  may  be  inferred  from  these  experiments  as 
well  as  from  the  statements  of  Dr.  Whiting.  This 
gentleman  found  also,  that  in  a  patient,  greatly 
reduced  by  Purpura  Haemorrhagica,  the  specific 
gravity  of  the  serum  was  nearly  the  same  as  that 
of  the  healthy  fluid. 

In  numerous  instances,  I  have  examined  this 
subject,  but  have  not  ascertained,  as  connected 
with  it,  any  constant  law  of  nature  or  disease. 
The  cases  in  which  the  specific  gravity  was  gene- 
rally found  the  greatest,  were  Pleurisy  and  other 
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acute  disorders,  while,  in  a  debilitated  state  of 
the  system,  it  vv  as  usually  the  least.  A  few  exam- 
ples are  subjoined  t 

Pleurisy, a  Female 1038"9 

Dropsy,    a  Man,   10820* 

Disease  of  the  Heart,  a  delicate  Man, 1012"7 

Puerperal  Fever,    ...  1st  bleeding, ..  1002*6 

2d  ditto,     1009-8 

Inflammatory  Fever,   a  young  Female,  (serum  7 

of  a  remarkably  deep  colour) .- j 

Acute  Rheumatism,    a  robust  Man,  1034-3 

Pleurisy, 1036*9 

Puerperal  Convulsions,  for  which  the  patient  1 

had  been  repeatedly  bled, S 

A  Chronic  Affection,  unconnected  with  organic  7 

)■    1026*8 
disease,  3 

In  two  parcels  of  serum,  taken  from  a  subject  of  1 

Fever,-— ray  friend.  Dr.  A.  Hunter,  found  >  inrLo.rw 

the  specific  gravities  to  be -* 

In  health,  the  quantity  of  saline  matter  is  in 
very  small  proportion;  but  in  acute  or  febrile 
affections,  we  find  it  sometimes  increased.  In 
the  former  state,  as  well  as  in  diseases  of  debility, 
the  serum  is  nearly  insipid,  in  the  latter  frequently 
salt  and  pungei.t. 

As,  however,  the  taste  cannot  be  relied  on,  I  ex- 
amined the  solid  contents  by  evaporation  in  a 
few  instances,  but  since  the  preceding  remarks  on 

•  Since  I  never  met  with  another  instance  of  so  high  a  specific  gravity 
I  8uspect  an  error  in  the  calculation. 
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the  specific  gravity  precluded,  in  a  great  measure, 
the  necessity  of  minute  inquiry,  the  subject  was 
but  cursorily  regarded.  The  Experimentsf  as 
far  as  they  were  prosecuted,  led  to  the  conclusion^ 
that  the  quantity  of  solid  matter  in  serum  hearts  a 
relation  to  the  decree  of  inflammatory  action.  Dr. 
Whiting's  researches,  however,  ascertained  no 
marked  nor  regular  disparity  in  the  proportion  of 
saline  matter. 

The  colour  of  morbid  serum  sometimes  differs 
from  that  of  the  healthy  fluid.  In  Disease,  it  is 
often  greenish  or  straw  coloured,  and  in  ardent 
fevers,  orange  or  bilious,  and  frequently  of  a 
flammeous  hue. — The  deepness  of  the  tinge 
generally  occurs  in  acute  maladies. 

The  coagulation  of  serum  in  disease,  has  also 
been  examined;  but  of  many  parcels  subjected  to 
experiment,  only  in  one  or  two  was  any  difference 
observable,  either  as  to  the  temperature  requisite 
for  concretion,  or  in  the  after-appearance  of  the 
mass.  In  one  case  it  coagulated  at  148"  and  in 
another  at  135°. — These  varieties,  however,  were 
probably  occasioned  by  some  casual  circum- 
stance. 

t  .See  Appendix. 
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In  regard  to  the  milky  appearance^  which  the 
serum  gometimes  assumes  ;  it  is  doubtful,  whether 
it  be  an  accidental  occurrence,  or  a  symptom  of 
disease.  It  has  been  frequently  noticed  by 
authors.*  I  have  seen  it  in  three  instances. 
One  was  a  man  about  27,  the  subject  of  Epilepsy, 
depending  on  Plethora  of  the  vessels  of  the  head ; 
the  2d  was  a  Man  of  58,  affected  with  abdominal 
Inflammation;  the  particulars  of  the  third  case  I 
have  forgotten.  Three  or  four  similar  occurrences, 
though  less  in  degree,  I  have  since  noticed  ;  but 
in  these,  like  the  former,  no  peculiarity  of  constitu- 
tion, or  disease,  was  remarked.  Hewson  believed 
this  cream-like  substance  to  be  produced  by  the 
absorption  of  Fat.  The  Epile])tic  patient,  just 
referred  to,  was  thin  and  lean :  the  other  man  was 
muscular,  and  somewhat  inclined  to  obesity. 

Hunter  thought  white  serum  most  frequent  in 
pregnant  women;  but  neither  has  he,  nor  any 
other  author,  given  a  satisfactory  account  of  its 

formation. It  has  been   commonly  supposed 

to  arise  from  unassimilated  chyle,  f 

•  Hewson  in  his  Treatise  quotes  many  examples.-r^ 

In  a  case  recorded  in  the  first  Vol.  Philos.  Trans,  one  portion  of  fluid 
received  from  a  vein,  is  said  to  have  been  wholly  this  substance. 

t  Many  minute  inquiries  relative  to  the  Blood  in  disease,  might  have 
been  made,  were  I  not  aware,  from  the  example  of  Dr.  Whiting,  that  the 
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10.  It  may  not  be  improper  to  notice,  that  we 
frequently  find  Depositions  from  the  Blood  in 
disease.  In  inflammatory  affections,  lymph  is 
often  effused,  whence  preternatural  adhesions  are 
formed,  and  frequently  membranous  sheets.  It 
is  scarcely  necessary  to  mention  the  other  products 
of  Inflammation,  as  Pus,  Ichor,  and  the  like. 
Flakes  of  fibrine  are  sometimes  separated  from 
the  Blood  in  acute  disease,  and  evacuated  by  the 
secretions. 


information,  accruing  from  this  research,  wonld  have  been  of  little  mo- 
ment, either  to  Pliyaiology  or  Pathology.  The  honest  and  itigenuous 
manner,  in  wljich  tins  Gentleman  has  stated  the  result  of  researches, 
no  less  patiently  and  accurately  prosecuted,  induce  me  to  take  the 
liberty  of  quoting  the  inferences,  which  conclude  his  Treatise. 

"  Haec  tandem  certiora  ex  prffienntifaus  colligere  licet : 

Imo.  Sauguinem  e  sanis  plerumque  sanguine  ex  eegris  esse  graviorem. 

2do.  Gravitatem  specificara  sanguinis  de  copia  materise  ejus  solid» 
baud  certi  qnidqnam  indicare. 

3tio.  Sanguinis  totius  gravitatem  non  semper  eadem  ratione  ac  seri 
angeri  aut  diminui. 

4to.  Copiara  seri,  quod  sponte  exudet,  aquze  in  sanguine  toto  ratfonem 
minime  praehere. 

5to.  Aquae  copiam  in  sero  minus  quam  in  sanguine  integro  tarn  sano- 
ruin  qnam  aegrorum  variari. 

6to.  Quo  magis  vis  vitse  deficit,  eo  sanguinem  esse  aquosiorem. 

7mo.  Fibrinam  in  omnibus  fere  morbis,  prjecipue  cum  infiammatio 
adest,  angeri ;  sed  viribus  corporis  copiam  ^jus  non  respoudere. 

8vo.  Majorem  eandem  esse  cum  crusta  coriacea  siniul  adest  j  et  quo 
magis  haec  scatet,  eo  et  illam  plerumque  abundare. 

9no.  Concretionem  sanguinis  ex  iibrina  penderi. 

lOnio.  Quantitatem  albuminis  et  serositatis,  tam  aanis  quam  ae^rri^ 
minime  variari." 

R 
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Ossific  and  calcareous  deposits  are  frequently 
met  with,  and  false  polypi  found  in  the  heart  after 
death. 

We  might  expect,  also,  since  various  substances 
enter  the  circulation,  that  these  would  be  observed 
in  the  Blood.  Such  an  occurrence,  however,  is 
extremely  rare.  Even  in  Diabetes,  the  nicest 
chemical  analysis  can  detect  no  sugar  in  the 
Blood. 

Instances  have  occurred,  of  air  mingled  with 
Blood,  and  found  in  the  vessels  after  death. 
Such  Morgagni  relates,  as  well  from  his  own  ol> 
iservations,  as  the  testimony  of  Valsalva,.  Ruysch, 
and  others.  Though  partially  found  in  the 
arteries,  the  air  abounded  chiefly,  it  appears;,  in 
the  veins.* 

11.  The  PUTREFACTIVE  PROCESS  in  Blood,  is 
influenced  by  the  state  of  the  system.  It  takes 
place  most  readily  in  a  debilitated  condition  :f 
Blood  subtracted  during  inflammation,  assumes 
this  change  later  than  Blood  drawn  during  weak 
vascular  action. 

•  De  Sed.  ct  Cans.  Morb.— Ep.  V, 

t  From  some  observations  of  Sir  Jolin  Pringle's  it  appears  thattUe 
crassamentum  assumes  the  putrefactive  change  more  readily  than  th* 
sei  urn.--  7t|j.  Paper  read  before  the  Koy.  Soc. 
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Exp.  LXV 

The  Blood  of  a  very  young  puppy,  and  that  of 
a  full-grown  dog,  were  taken  when  the  temperature 
of  the  atmosphere  was  nearly  the  same.  The 
former  was  putrid  in  about  a  quarter  of  the  time, 
which  elapsed  before  a  fetid  smell  could  be  per- 
ceived in  the  latter. 

Exp.  LXVL 

A  comparative  experiment  on  the  Blood  of  a 
Lamb  and  an  Ox,  taken  at  the  same  time.  On 
the  eighth  succeeding  day,  putefraction  was  evi- 
dent both  in  the  serum  and  crassamentum  of  the 
former,  while  from  the  Blood  of  the  Ox,  no  foetor 
could  be  perceived. 

1  have  examined,  also,  the  comparative  tendency 
to  putridity  in  the  Blood  of  slaughtered  animals, 
but  I  found  it  to  occur  in  no  regular  relation  to  the 
tonic  or  atonic  state.  There  can  be,  however, 
but  little  expectation  of  disparity  in  Blood  receiv- 
ed from  the  same  hemorrhage. 

Hunter  ascertained,  by  several  experiments, 
that  the  Blood  of  an  old  person  becomes  putrid 
sooner  than  that  of  the  young.  He  bled  n  woman 
of  20,  and  another  of  60,  on  the  same  day.     The 


124 

Bload  of  the  latter  assumed  this  change  in  two  days, 
while  that  of  the  former  remained  sweet  till  the 
fifth.  From  observations,  therefore,  made  on  the 
human  Blood,  in  the  tonic  and  atonic  states,  as 
well  as  from  LXV.  and  LXVl.,  it  is  concluded, 
that  pulrescency  most  readily  occurs,  where  the  Vis 
Vil(B  is  most  reduced. 

Some  authors,  as  Fernelius  and  Schwenke, 
have  stated  their  observation  of  the  Blood's  being 
putrid,  even,  on  its  emission  from  the  vein.  Nay, 
Morton  mentions  from  his  own  knowledge,  the 
circumstance  of  a  surgeon  and  his  attendants 
fainting  from  the  fetid  smell  of  Blood,  issuing  on 
"Venesection.*  Statements,  however,  like  this* 
will  scarcely  be  credited  at  the  present  day. 

In  two  cases,  I  have  remarked  a.  peculiar  indis- 
position of  the  Blood  to  putrefaction.  The  first 
was  in  Blood,  taken  from  a  subject  of  Pleuritis, 
the  second  of  Carditis,  both  were  females.  The 
proportions  of  serum  and  crassamentum  were 
natural,  but  in  each  case  there  was  a  slight  fibrous 
tunic.  At  a  subsequent  bleeding  of  the  latter,  how- 
ever, no  crust  was  apparent,  yet  the  Blood  remain- 
ed six  weeks,  (Dec.  to  Feb.)  free  from  putridity. 

*  Pyretol og. 
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From  what  has  been  advanced  on  the  subject 
of  this  chapter  it  appears  that  four  principal 
deductions  may  be  drawn  as  influencing  the  treat- 
ment of  Disease. 

1.  That  coagulation  commences  speedily  in 
proportion  to  the  weakness  of  the  system,  and 
slowly  in  proportion  to  the  tonic  slate,  and  the 
degree  of  Inflammation. 

2.  That  the  fiimness  of  the  crassamentum,  after 
the  exudation  of  the  serum,  is  characteristic  of 
sthenic  disease. 

3.  That  this  state  is  further  indicated  by  an 
inordinate  proportion  of  crassamentum ;  and  a 
state  of  debility  by  an  undue  quantity  of  serum. 

4.  That  the  fibrous  tunic  or  buff"-coat,  simply 
considered,  although  it  occurs  frequently  in  acute 
disease,  is  not  a  criterion  of  Inflammation,  nor 
affords  an  indication  for  the  depletory  treatment. 


APPENDIX. 


CONSTITUENTS  OF  THE  BLOOD. 
(Page  15.) 


According  to  Berzelius. 

/"Water 8050 

i  I  Albumen 80  0 

.§/  Muriates  of  Soda&  Potash  6-0 
^  I  Lactate  of  Soda,   and 

CO    ■ 

I        animal  matter  ....      4*0 

Soda,  Phosphate  of 
Soda,  and  a  little  ani- 
mal Matter,    41 

Loss    *9 


According  to  Marcet. 

Water 90000 

Albumen    86*80 

Muriates  of  Potash  and  Soda  6-60 

Muco-extractive  Matter ....  4*00 

Subcarbouate  of  Soda l'G5 

Sulphate  of  Potash '35 

Earthy  Phosphates '6,0 


Whiting^ s  Analysis, 
Water     78000 


Albumen    . . . . 

Serosity 

Saline  Matter 
Fibrine    


75-58 
8-84 
4-24 
I' 65 


Bostock^s  Analysis. 

Water 80-0 

Albumen 100 

Uncoagulable  Matter    ....  l-O 

Salts 1-0 


Red  Particles ...131-69 

There  are  also  Analyses  of  the  Blood,  and  some  observations 
on  the  contents  of  different  Blood- Vessels,  extracted  from 
Prof.  Authenrieth's  Dissertations,  and  stated  in  the  Edinburgk 
.Journal  for  1816. 


128 


(Page  31.) 

some  remarks  on  the  specific  gravity  of  the 
blood  of  animals. 

Ox,       1015-9— 1053-4— 1G28-5— 1013-8 

Sheep,  102.3-1— 1054-3 

Duck,   1109-8 

Hog,    1061-0 

SOLID   CONTENTS    BY   EVAPORATION     OF    THE    BLOOD    OF 
ANIMALS. 

Horse,  19-3  per.  cent. 
Ox,        18-6— 18-2 
Sheep,  18-6 
These  ohservations,  it  is  apparent,  were  neitiier  in  kind  nor 
degree,  sufficient  for  the  induction  of  accurate  conclusions. 

TEMPERATURE   OF   CONCRETION    IN  THE   SERUM  OF  OXEN 
AND   SHEEP. 

Oxen.  Sheep, 

160o— 157o 148o— 142o— 148o— 140» 

158  —156 154  —140  —144 

155  —148 140  —142  —150 

If  any  inference  can  be  drawn  from  these  observations,  it  is, 
that  the  Blood  of  Sheep  coagulates  at  a  lower  temperature  than 
that  of  Man.  In  several  other  animals  1  had  regard  to  this 
subject,  but  as  I  generally  found  the  temperature  to  be  150o 
160°.    No  minutes  were  made  of  these  experiftients. 
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/      I 

(Page  98.) 

observations  on  the  relative  quantities  of  serum 
and  crassamentum  during  hemorrhage. 

Exp.  I. 

Three  glasses  received  the  Blood  of  a  Dog;  No.  1,  filled  on 

the  first  gush  from  the  wound,  No.  2,  two  minutes  afterwards, 

and  No.  3,  immediately  before  the  death  of  the  animal.    The 

parcels  weighed  the  succeeding  day, 
Serum.        Crass. 
No  1,  had  381 1272  or  as  10  to  33S 

2,  ......153 473  10  ...  30-9 

8, 116 150  10  ...  12-9 

Exp.  II. 
Three  cups  were  filled  with  the  Blood  of  a  slaughtered  Ox ; 

the  periods  similar  to  those  of  the  preceding  experiment,  except 

that  the  2nd  was  taken  3  minutes  after  the  first  eflfusion.    On 

weighing  the  next  day. 

Serum,        Crass. 
.    No.  1,  had  430 1168  or  as  10  to  27-1 

2, 570 1038  10  ...  18-2 

3, 643 1032  10  ...  160 

Exp.  III. 

The  experiment  repeated.  Blood  weighed  the  day  follow- 
ing ;  and  the  additional  effusion  of  Serum  examined,  the 
succeeding  morning.* 

•  When  these  experiments  were  first  instituted^!  weighed  the  Blood 
but  once :  on  finding,  however,  that  a  considerable  effusion  of  serum 

S 
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Serum.       Crass. 
No.  1,   had  497 639  or  as  10  to  12-8 

2, 539 754  10  ...13  9 

3, 618..... .608  ......  10  ...    9-8 

Exp.  IV. 

The  Experiment  repeated. — The    Blood   weighed   on  the 
two  succeeding  days. 

Serum,      Crass. 
No.  1,   had  206 204  or  as  10  to    9-9 

2, 277 464  ......  10  ...  167 

3, 345 498 10  ...  141 

Exp.  V. 

Three  cups  of  Sheep's  Blood :  the  periods  as  in  III.     Pro- 
portions examined  on  the  succeeding  day. 
Serum.       Crass. 
No.  1,  had  350...... 610    or  as    10  to  17'4 

2, 250 450..... ....... 10  ...  18-0 

3, 110 450  (verysoft)lO  ...  40*9 


often  took  place,  after  the  first  had  been  poured  off,  I  saw  it  necessary  to 
accurate  result,  that  tlie  proportions  should  be  weighed  on  the  ist  day, 
and  again  on  t!ie  2nd  or  3rd,  In  experiment  3,  the  quantity  of  serum 
was  found  on  the j^rs*  day  to  be  in 

No.  1,  as  10  to  17-1 
9,  ..  10  ..  47-7 
S,  ..  10  ..  13-3  I 
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(Page  119.) 
evaporated  serum  of  morbid  blood. 
No.  I. — A  severe  case  of  Pleuro-peripneumoDy,  the  solid 

contents  were  to  tlie  fluid, 

12*2  per  cent,  at  the  2d  Bleeding. 

10-3 3d  Ditto. 

No.  2. — A  case  of  Ascites,  attended  bj  inflammatory  action, 

(fibrous  coat), 

10*4  per  cent. 

At  a  subsequent  bleeding  (a   denser  fibrous   coat,   with 

cupped  margin), 

11*3  per  cent. 

No.  3. — A  stout  young  woman,  labouring  under  Pleuritis, 
10-3  per  cent. 

No.  4. — In  a  healthy  man,  who  sufiered  from  high  constitu- 
tional irritation,  succeeding  amputation, 
10*2  per  cent. 

No.  5. — A  chronic  afiection,  where  no  organic  disease  could 

be  detected, 

7*8  per  cent. 

In  No.  1,  at  the  first  bleeding,  there  was  more  acute  disease 

than  at  the  2d ;  but  in  No.  2,  the  case  was  inversed. 


(Page  52.) 
While  this  chapter  was  in  the  press  the  lamented  death  of 
Mr.  Hey  occurred:  and  I  cannot  refrain  from  paying  a  tribute 
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to  his  worth,  though  my  feeble  panegyric  can  neither  raise  his 
character,  nor  prolong  its  remembrance. 

To  his  zeal  for  the  advance  of  knowledge,  to  his  eminent 
attainments,  and  to  his  devotedness  to  the  interests  of 
humanity,  no  ordinary  eulogium  is  due.  But  to  expatiate 
on  his  merits,  to  those  who  knew  him  were  superfluous, — for 
to  know  was  to  admire. 

While  we  venerate  his  memory,  may  we  copy  his  example ; 
and  by  a  like  integrity  and  steadiness  of  conduct,  by  the  same 
tmdeviating  attention  to  the  discharge  of  our  professsional 
duties,  and  by  a  similar  ardour  in  the  pursuit  of  useful  know- 
ledge,—seek  that  honourable  distinction  to  which  he  attained  ! 


FINIS. 
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